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Ellis  Sylvester  Chesbrough,  past  President  and  Member  of  this 
Society,  died  Aug,  18,  1886. 

It  is  given  to  but  few  men  to  occupy  so  conspicuous  and  honorable  a 
position  in  their  profession  as  that  filled  by  E.  S.  Chesbrough  iu  the 
engineering  profession.  When  the  history  of  American  engineering 
comes  to  be  written,  the  period  from  1830  to  1880  will  be  no  more  nete- 
worthy  as  the  formative  era  of  the  profession  in  this  country,  than  as  the 
era  that  produced  a  few  remarkable  men  who  lived  to  become  connecting 
links  between  the  earlier  triumphs  of  American  skill,  and  the  greater 
works  which  in  later  years  have  placed  the  United  States  abreast  of  the 
most  advanced  nations  of  Europe  in  all  that  pertains  to  scientific 
engineering.  In  this  small  but  honored  group  Mr.  Chesebrough  will 
occupy  high  rank.  No  Pantheon  of  engineering  celebrities  would  be 
complete  without  him  ;  no  historian  of  American  construction  can  afi'ord 
to  omit  his  name. 

Mr,  Chesbrough  was  born  in  Baltimore  County,  Md.,  on  July  6,  1813. 
His  father,  Isaac  M.  Chesbrough  was  a  native  of  North  Adams,  Mass. 
His  mother,  Pharina  Jones,  was  born  in  Baltimore  County.  His  first 
paternal  ancestor  in  America  landed  at  Plymouth,  Mass.,  in  1630.  From 
his  mother's  side  he  inherited  German  and  Welsh  blood. 

The  Chesbroughs  had  been  farmers  until  the  father  Isaac,  soon  after 
the  birth  of  his  son  Sylvester,  tried  other  business.  In  his  business  vent- 
ures he  was  unsuccessful,  one  of  his  failures  putting  a  stop  to  his  son's 
education  when  the  latter  was  but  nine  years  of  age.  The  father's  pur- 
pose to  give  his  son  a  liberal  education  being  thus  thwarted,  the  son 
never  afterward  had  much  opportunity  for  schooling.  From  the  age  of 
nine  to  fifteen  he  attended  school  but  about  one  year,  most  of  his  time 
being  spent  in  work,  a  part  of  it  in  the  service  of  mercantile  houses  in 
Baltimore. 

In  May,  1828,  at  the  age  of  fifteen,  young  Chesbrough  took  the  first 
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step  whicb  led,  with  scarcely  an  interruption,  to  the  eminence  he  finally- 
attained,  by  becoming  chainman  in  a  party  engaged  on  a  preliminary 
survey  of  the  Baltimore  &  Ohio  Railroad.  Col.  Stephen  H.  Long  was  at 
that  time  Chief  Engineer  of  that  road,  he,  as  well  as  the  engineer  assistants 
in  the  employ  of  the  company  being  officers  of  the  United  States  Army, 
and  graduates  of  West  Point.  Lieutenant  Joshua  Barny  was  in  charge 
of  the  party  in  which  Mr.  Chesbrough  found  employment.  While  in 
this  service  as  chainman,  his  natural  ability  early  showed  itself  to  the 
officers  in  charge,  their  attention  being  attracted  by  his  taking  notes  of 
the  work  as  it  progressed.  They  were  ever  afterward  glad  to  gratify  his 
desire  for  knowledge,  and  to  afford  him  every  facility  in  their  power  to 
become  acquainted  with  the  principles  and  science  of  engineering;  and 
as  a  mark  of  their  confidence  promoted  him  from  time  to  time  as  the 
demands  of  the  service  would  permit.  Up  to  this  time  young  Ches- 
brough had  formed  no  fixed  purposes  as  to  his  life  work,  but  the  oppor- 
tunity thus  offered  was  eagerly  seized  upon,  and  henceforth  life  held  an 
aim  in  the  new  and  inviting  field  opening  before  him. 

In  1830  he  left  the  service  of  the  Baltimore  &  Ohio  Railroad  Co.  to 
become  assistant  engineer  in  the  service  of  the  State  of  Pennsylvania  on 
the  survey  for  the  x>rojected  Allegheny  Portage  Railroad,  Col.  Long 
being,  as  before,  his  chief.  In  1831  he  was  assistant  engineer,  under  Capt. 
Wm.  Gibbs  McNeil,  on  the  Paterson  &  Hudson  River  Railroad,  and 
served  in  a  like  position,  under  Capt.  McNeil,  on  the  location  and  con- 
struction of  the  Boston  &  Providence  main  line  and  on  the  Taunton  & 
New  Bedford  branch.  In  1836  he  was  resident  engineer  on  a  proposed 
railroad  from  Lowell,  Mass.,  to  Concord,  N.  H.,  under  Lieutenant  George 
W.  Whistler. 

On  Dec.  23,  1837,  he  married  Miss  Elizabeth  A.  Freyer,  of  Baltimore. 
At  this  time  he  was  engaged  on  the  Taunton  branch  of  the  Boston  <fe 
Providence  R.  R. 

For  two  or  three  years  ending  in  1842  he  was  employed  on  the  surveys 
and  construction  of  the  Louisville,  Cincinnati  &  Charleston  R.  R,,  a  part 
of  the  time  as  senior  assistant  to  Major  McNeil,  and  another  part — after 
Major  McNeil's  resignation— as  chief,  or  Acting  Chief  Engineer.  Dur- 
ing this  service  the  road  was  built  from  Charleston  to  Columbia,  South 
Carolina. 

Among  Mr.  Chefebrough's  subordinates  during  this  Southern  expe- 
rience were  Gen.  John  C.  Fremont,  J,  P.  Kirkwood,  Alfred  W.  Craven 
and  Geo.  S.  Green. 

The  financial  panic  of  1837  had  been  busy  bringing  almost  every  kind 
of  business  to  a  standstill.  Public  work  was  stopped  and  engineers 
thrown  out  of  employment,  and  among  them  Mr.  Chesbrough,  who  in 
the  faU  of  1842  went  from  South  Carolina  to  Providence,  R.  I.,  y^here  his 
father  then  lived.  The  following  winter  he  spent  in  the  workshops  of 
the  Stonington  Railroad  Company,  learning  the  use  of  tools.  In  1843  he 
purchased  a  farm  in  Niagara  County,  N.  Y.,  adjoining  that  of  his  father, 
and  tried  farming  for  one  year,  but  with  such  poor  success  that  he  was 
glad  to  return  to  engineering,  which  he  did  in  1844.  From  this  time 
until  1846  he  was  successively  engaged  in  the  construction  of  the  Stough- 
ton  branch  of  the  Boston  &  Providence  Railroad,  the  Ashburnhara  & 


Brattleboro  line,  and  the  Pautucket  branch  of  the  Boston  &  Providence 
Railroad . 

From  1828— when,  as  a  boy  15  years  of  age,  he  entered  the  service  of 
the  Baltimore  &  Ohio  Railroad  as  chainman — until  May,  1846,  when  called 
to  take  charge  of  the  western  division  of  the  Boston  water-works,  Mr. 
Chesbrough's  engineering  experience  had  been  wholly  in  the  line  of  rail- 
road work.  During  these  eighteen  years  we  have  seen  a  boy  hardly  half 
educated,  rise  rapidly  from  the  position  of  chainman  to  the  position  of 
senior  assistant  and  then  to  acting  chief  engineer.  We  have  seen  him 
win  the  confidence  and  esteem  of  the  only  trained  engineers  in  the  coun- 
try, viz.,  those  who  had  been  educated  by  the  United  States,  for  the 
army.  But  we  have  not  seen  the  process  by  which  this  was  brought  about, 
nor  marked  the  influences  which  were  working  to  form  the  character  of 
the  man  as  subsequently  known.  That  he  was  quick  to  learn,  diligent  in 
his  work,  and  possessed  of  personal  qualities  which  rendered  him  a  favor- 
ite of  his  superiors,  goes  without  saying.  That  to  well-grounded  moral 
principles  inherited  from  his  parents  was  added  a  high  sense  of  business 
and  professional  honor,  the  legacy  from  his  superior  officers,  we  can 
readily  believe.  No  one  who  knew  Mr.  Chesbrough  well  could  fail  to 
become  aware  of  the  lasting  gratitude  he  felt  toward  the  "West  Point 
officers  under  whom  he  served  for  so  many  years  of  his  early  life. 
And  when  we  remember  that  professional  honor  has  always  been  main- 
tained at  a  high  mark  by  these  officers,  is  it  any  wonder  that  in  all  his 
after  life  he  showed  the  effects  of  these  early  influences  ? 

Though  the  groundwork  of  his  future  success  was  laid  during  these 
eighteen  years,  it  was  not  by  the  achievements  of  these  years  that  he 
became  renowned.  The  turning  point  in  Mr.  Chesbrough's  career  was 
the  acceptance  of  the  position  offered  him  by  the  Boston  Water  Commis- 
sioners. Henceforth  his  energies  and  talents  were  to  be  devoted  to 
hydraulic  engineering  ;  and  into  this  field  he  was  to  bring  the  same  apt- 
ness and  discriminating  judgment  that  was  displayed  in  his  railroad  work. 
As  before  mentioned,  the  position  which  he  took  upon  the  Boston  water- 
works was  that  of  engineer  in  charge  of  the  western  division.  This  em- 
braced the  Cochituate  aqueduct  and  the  Brookline  reservoir,  the  aque- 
duct being  14.6  miles  in  length,  leading  from  Cochituate  Lake  to  the  reser- 
voir. The  eastern  division  was  at  the  same  time  placed  in  charge  of 
William  S.  Whitvvell.  The  plans  for  those  works  had  previously  been 
matured  by  John  B.  Jervis,  and  he  was  continued  as  consulting  engineer. 
At  this  time  Mr.  Chesbrough  was  but  thirty-three  years  of  age,  and  as  he 
was  entirely  unacquainted  with  hydraulic  engineering,  was  loath  to  ac- 
cept the  position  offered,  but  under  pressure  of  his  friends,  and  with  the 
assurance  that  Mr.  Jervis  was  to  remain  as  consulting  engineer, 
he  accepted.  He  continued  in  this  position  until  the  completion  of  the 
work  in  1849.  In  1850  he  was  made  sole  commissioner  of  the  works,  and 
in  1851,  on  the  formation  of  the  Cochituate  Water  Board,  was  appointed 
the  first  city  engineer  of  Boston.  He  continued  in  this  position,  in 
charge  of  the  water  and  other  city  works,  until  October  1,  1855,  when  he 
resigned  to  accept  the  engineership  of  the  Chicago  sewerage  commission, 
that  had  but  just  been  formed  to  carry  out  a  sewerage  system  for  this 
city.     While  City  Engineer  of  Boston  he  had,   I  believe,   made  some 
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study  of  European  sewerage  systems,  so  that  he  was  able  to  approach 
the  Chicago  problem  with  some  measure  of  preparation. 

The  commissioners  of  the  first  sewerage  board  were  Wm.  B.  Ogden, 
Gen.  J.  D.  Webster,  and  Sylvester  Lind. 

Mr.  Chesbrough  proceeded  to  prepare  sewerage  plans  for  Chicago,  and 
in  December  of  that  year  (1855)  he  presented  a  plan  which  was  adopted 
by  the  Commissioners,  and  recommended  by  them  to  the  City  Council. 
After  considerable  opposition  and  much  discussion,  the  action  of  the 
Commissioners  was  approved  by  the  City  Council,  and  the  carrying  out 
of  the  plan  begun  and  prosecuted  during  1856. 

Though  the  sewerage  system  had  been  started  upon  what  was  deemed 
a  satisfactory  plan,  it  seems  to  have  been  the  conclusion  of  the  Board 
that  it  was  best  that  their  engineer  should  make  personal  investigations 
in  Europe  with  relation  to  sewerage,  and  thereby  more  thoroughly 
qualify  himself  for  carrying  out  the  work  upon  which  they  had  entered. 
On  Dec.  12,  1856,  the  Board  passed  an  order,  "  that  E.  S.  Chesbrough, 
Chief  Engineer  of  the  Board,  proceed  to  Great  Britain  and  the  continent 
of  Europe  for  the  purpose  of  examining  the  various  methods  of  sewerage 
adopted  there,  and  of  taking  such  notes  and  drawings  of  the  same  as  he 
may  think  necessary  and  of  examining  into  their  operation  and  into  all 
matters  connected  with  them,  which  may  in  his  judgment  aid  in  the 
further  prosecution  and  perfection  of  the  sewerage  of  the  city  of  Clii- 
cago." 

The  duty  thus  devolving  upon  Mr.  Chesbrough  he  proceeded  to  per- 
form with  intelligent  painstaking.  The  result  of  his  trip  to  Europe  is 
embodied  in  a  "  Report  of  the  Results  of  Examinations  made  in  Rela- 
tion to  Sewerage  in  several  European  cities  in  the  winter  of  1856-57," 
dated  March  25,  1858.  In  this  report  Mr.  Chesbrough  describes  the 
sewerage  systems  of  Liverpool.  Manchester,  Rugby,  London,  Amster- 
dam, Hamburg,  Berlin,  Paris,  Worthington,  Croydon,  Leicester,  Edin- 
burgh and  Glasgow.  He  then  takes  up  the  disposal  of  sewage,  the  man- 
ner of  constructing  and  maintaining  sewers  and  house  drains,  in  detail ; 
their  cost  and  the  effect  of  sewerage  upon  the  health  of  towns  and 
cities.  He  discusses  to  some  extent  the  double  system  of  sewers,  and, 
lastly,  draws  conclusions  with  reference  to  the  Chicago  sewerage. 

In  closing  the  report  he  says  :  "  In  preparing  the  foregoing  report,  it 
would  have  been  easy  to  extend  it  to  a  thousand  pages,  by  drawing  from 
the  voluminous  sources  of  information  now  in  your  possession.  The 
difficulty  has  been  to  select  and  condense  what  seems  to  have  some  pres- 
ent or  prospective  bearing  upon  the  sewerage  of  this  city." 

It  is  hard  for  us  to  appreciate  the  importance  of  this  report  and  the 
effect  it  exerted  not  only  upon  the  destiny  of  Chicago,  but  also  upon 
other  cities  of  the  country.  It  may  aid  us  in  doing  so,  however,  to 
remember  that  at  the  time  it  was  written  there  was  not  a  town  or  a  city  in 
the  United  States  that  had  been  sewered  in  any  manner  worthy  of  being 
called  a  "system."  The  few  detached,  badly  planned,  and  badly  built 
sewers  that  existed  in  some  of  the  older  cities  had  been  constructed  with 
little  care  as  to  the  relation  of  one  part  to  another,  or  to  a  connected 
whole  ;  they  had  also  been  built  with  but  small  reference  to  grades,  or 
proportions,  or  to  the  uses  to  which  they  were  to  be  put. 
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This  being  perhaps  the  first  really  thorough  and  exhaustive  study 
which  the  subject  had  received  at  the  hands  of  an  American  engineer, 
and  Chicago  being  the  only  city  on  this  continent  to  proceed  systemati- 
cally with  a  sewage  system,  Chicago  and  Chicago's  engineer  soon  be- 
came famous  ;  and  for  twenty-five  years  thereafter  E.  S.  Chesbrough 
was  the  recognized  head  of  sanitary  engineering  in  this  country. 

For  twenty-four  years,  from  1855  to  1879,  when  Mr.  Chesbrough  re- 
signed the  city  engineership  of  Chicago,  the  system  designed  by  him  was 
in  his  charge  through  his  principal  assistant,  Mr.  W.  H.  Clarke  and  Mr. 
Clarke's  successor.  In  this  time  it  had  grown  to  295  miles  of  main 
sewers,  with  46,572  house  connections,  costing  $5,048,809.78. 

The  water- works,  like  the  sewerage  system,  had  been  built  and  main- 
tained by  an  independent  board  until  in  1861  a  Board  of  Public  Works 
was  formed  and  charged  with  the  care  of  all  municipal  works,  including 
the  water  and  sewerage  works.  The  first  Commissioners  of  the  Board 
were  Benjamin  Carpenter,  Frederick  Letz  and  John  G.  Gindele.  On  its 
organization  Mr.  Chesbrough  was  made  Chief  Engineer,  and  hence 
engineer  of  the  water  as  well  as  of  the  sewerage  works. 

The  water-works  were  older  than  the  sewerage  system,  having  been 
designed  by  William  J.  McAlpin  in  1851  and  reported  upon  by  him  to  the 
Water  Commissioners  of  the  city  Sept.  26,  1851.  The  first  water  com- 
missioners were  John  B.  Turner,  Horatio  G.  Loomis  and  Alson  S.  Sher- 
man. 

The  works  as  planned  by  Mr.  McAlpin  were  to  provide  for  a  population 
of  100,000  people,  their  capacity  to  be  3,000,000  imperial  gallons  in  24 
hours.  There  were  to  be  three  iron  reservoirs  in  the  several  divisions  of 
the  city.  The  water  was  to  be  taken  600  feet  from  shore  by  means  of  a 
crib  and  a  36-inch  iron  inlet  pipe. 

They  seem  to  have  been  carried  out  by  the  Water  Commissioners 
according  to  these  plans,  except  that  a  shore  basin  inclosed  with  piles  was 
substituted  for  the  crib  600  feet  from  shore.  Before  the  water-works 
were  turned  over  to  the  Board  of  Public  Works  the  shore  basin  had  come 
to  be  a  source  of  great  annoyance.  It  was  polluted  by  the  river  discharge, 
by  breweries  on  the  shore,  and  supplied  fish  to  the  city  in  a  manner  not 
calculated  to  meet  with  general  approbation. 

In  his  report  of  1857  the  superintendent  of  the  water- works,  Mr.  B.  F. 
Walker,  speaks  in  high  praise  of  the  manner  in  which  the  lake  basin  was 
continuing  to  answer  the  purpose.  But  in  its  report  for  1859  the  Board 
speaks  of  the  fish  nuisance,  and  says  that  ''  The  matter  of  extending  the 
inlet  pipe  into  the  lake  for  a  long  distance,  for  the  purpose  of  obtaining 
always  nearly  or  quite  clear  water,  has  had  the  attention  of  the  Board 
for  a  long  time,  and  still  has. 

"  The  undertaking,  however,  involves  an  expense,  and  is  attended 
with  risks  which  cannot  be  estimated  by  those  not  familiar  with  the  dif- 
ficulty of  placing  and  maintaining  structures  on  our  lake  shore,  exposed 
to  lake  storms." 

The  increasing  necessity  for  better  water  seems  to  have  been  the 
mother  of  the  Chicago  lake  tunnel,  which  came  about  in  the  manner 
as  described  by  Mr.  Chesbrough  in  the  following  language  from  the 
eighth  annual  report  of  the  Board  of  Public  Works  : 
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"  In  1860  one  of  theWater  Commissioners,  Mr.  Edward  Hamilton,  pro- 
posed to  sink  a  wrought-iron  pipe  5  feet  in  diameter  one  mile  out  in  the 
lake,  to  obtain  a  supply  beyond  the  effect  of  the  river.  This  project  was 
referred  to  the  Chief  Engineer  of  the  Board  of  Sewerage  Commissioners 
to  examine  and  report  upon,  with  the  request  that  he  also  take  under 
consideration  and  report  on  the  niitter  of  erecting  additional  pumping 
works  in  such  locality  as  shall  secure  a  supply  of  pure  water. 

"  The  report  made  in  compliance  with  the  foregoing  request  did  not 
recommend  the  immediate  adoption  of  any  plan,  but  discussed  various 
projects.  Among  them  that  of  a  tunnel  w^as  suggested ;  but  it  was 
thought  best  to  defer  the  whole  subject  until  further  examination  and 
analysis  could  be  made,  in  the  hope  that  much  of  the  complaint  against 
the  water  supply  might  prove  imaginary." 

It  should  be  said  in  this  connection  that  in  the  last  report  of  the  Board 
of  Water  Commissioners,  the  one  for  1860,  five  different  plans  were  dis- 
cussed, being  the  ones  probably  to  which  Mr.  Chesbrough  refers  in  the 
foregoing  extract  from  the  eighth  annual  report.  These  plans  were  : 
1st.  Extending  a  pipe  a  mile  out  into  the  lake;  2d.  A  brick  tunnel  of  the 
same  length;  3d.  Removal  of  the  pumping  work  to  Winetka;  4th.  FUter 
beds;  5th.  A  subsiding  reservoir. 

After  the  Board  of  Public  Works  was  organized  and  Mr.  Chesbrough 
made  Chief  Engineer  the  subject  was  taken  up  in  earnest  by  observations 
on  the  lake  and  river,  guided  by  chemical  analysis.  The  results  of  these 
Investigations  satisfied  Mr.  Chesbrough  that  if  water  was  taken  from  the 
lake  opposite  the  water-works,  that  the  inlet  should  be  two  miles  from 
shore  instead  of  but  one,  as  previously  suggested.  Of  all  the  plans  pro- 
posed Mr.  Chesbrough  had  at  the  time  the  second  annual  report  was 
issued  substantially  decided  ujDon  the  tunnel  plan  as  the  most  feasible. 
In  this  report  he  discussed  this  project  at  length.  During  the  year  1863 
this  plan  was  finally  adopted  by  the  Board  and  w^ork  upon  the  tunnel 
begun  on  the  17th  of  March,  1864.  From  this  time  the  work  on  the 
tunnel  steadily  jjrogressed,  and  on  the  8th  day  of  March,  1867,  about 
three  years  after  the  work  was  begun,  water  was  let  into  the  tunnel  for 
the  first  time. 

The  success  of  this  undertaking  in  the  face  of  the  great  opposition  he 
encountered  may  be  considered  Mr.  Chesbrough's  greatest  triumph.  It 
was  not  merely  an  engineering  triumph,  but,  as  I  believe  in  a  much  larger 
degree,  a  diplomatic  triumph.  No  one  can  read  Mr.  Chesbrough's  modest 
account  of  this  undertaking  in  the  eighth  annual  report  of  the  Board  of 
Public  Works,  describing  the  plan  proposed  and  its  origin,  and  narrating 
the  manner  in  which  one  kind  of  opposition  after  another  was  overcome 
until  the  plan  was  approved  by  the  Board,  and  then  by  the  City  Coun- 
cil, without  conceiving  a  high  admiration  for  the  man  who  could  con- 
duct to  a  successful  issue  a  scheme  so  fraught  with  imaginative  difiicul- 
ties.  It  does  not  detract  one  iota  from  the  credit  due  Mr.  Chesbrough, 
that,  as  the  sequel  proved,  the  difficulties  were  nearly  all  imaginary. 

A  humorous  side  of  this  history  was  the  action  of  the  public  press, 
which,  as  Mr.  Chesbrough  says,  had  generally  spoken  favorably  of  the 
scheme  until  near  the  time  that  the  contracts  were  let,  w^ien  "  they  turned 
almost  unanimously  against  it,"  and  did  not  cease  their  warfare  until  the 
work  was  nearly  completed. 
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The  building  of  the  secoDd  lake  tunnel  and  the  land  extension  of  the 
same  to  the  west  side  water-works  followed  as  a  matter  of  course.  The 
ground  having  once  been  broken,  subsequent  work  of  the  kind  attracts 
little  attention. 

Mr.  Chesbrough,  as  representative  for  the  city,  was  one  of  the  Com- 
mission which  decided  upon  deepening  the  Illinois  and  Michigan  Canal. 

Among  the  other  more  notable  works  carried  out  by  Mr.  Chesbrough 
during  his  official  connection  with  the  city  of  Chicago,  may  be  named 
the  two  street  tunnels  under  the  river,  and  the  FuUerton  avenue  con- 
duit, built  for  the  purification  of  the  North  Branch. 

While  City  Engineer  of  Chicago,  and  subsequent  thereto,  Mr.  Ches- 
brough was  called  upon  by  numerous  cities  that  wished  plans  for  water 
or  sewerage  works,  or  that  desired  advice  w^ith  reference  to  the  same. 
Among  tlie  sewerage  systems  planned  by  him  may  be  mentioned  those 
of  New  Haven,  Milwaukee  and  Indianapolis.  He  was  consulted  on  the 
same  subject  by  Providence,  Memphis,  Peoria,  Dubuque,  Des  Moines, 
Burlington,  la.;  Chattanooga,  Pullman,  Denver,  Buffalo  and  Winnipeg. 
He  served  on  the  Sewerage  Commission  for  Boston,  his  associates  being 
Mr.  Moses  Lane  and  Dr.  Charles  F.  Folsom.  This  commission  recom- 
mended the  Boston  improved  sewerage  project  which  has  since  been  car- 
ried out.  He  planned  water-works  for  Pittsburgh,  Milwaukee,  Jackson- 
ville, and  for  Akron,  Ohio,  in  some  of  which  Mr.  Lane  was  associated 
with  him.  He  was  consulted  on  the  water  question  by  Boston,  Cam- 
bridge, Mass. ;  Toronto,  Detroit,  Albany,  Memphis  and  other  places. 

He  was  engaged  in  a  project  for  tunneling  the  Detroit  River  at  Detroit 
and  under  the  direct  charge  of  his  brother,  Mr.  I.  C.  Chesbrough,  ran 
an  exploration  tunnel  for  some  distance  under  the  river.  Partly  from 
difficulties  encountered  in  the  operation,  and  partly  from  the  opposition 
of  certain  railroad  interests,  the  scheme  was  dropped. 

He  was  afterwards  consulted  by  the  Canada  Southern  Railroad  Co., 
with  reference  to  a  tunnel  at  Stony  Island  across  the  Detroit  River. 

In  1880  Mr.  Chesbrough  was  appointed  permanent  consulting  engineer 
by  New  York  City  for  the  new  Croton  water  supply,  and  in  connection 
with  the  Chief  Engineer  of  the  aqueduct,  Mr.  Isaac  Newton,  planned  the 
<5uaker  Bridge  dam  and  the  new  aqueduct,  which  is  now  being  carried 
out  mainly  in  conformity  to  the  plans  then  agreed  upon. 

In  1882  the  city  of  New  York  sent  him  to  Europe  to  examine  some  high 
masonry  dams  in  France  and  Spain,  and  to  determine  their  bearing  upon 
the  proposed  Quaker  Bridge  dam,  which  from  its  great  height  has  been 
the  cause  of  much  unfavorable  criticism. 

During  his  European  trip,  while  in  Madrid.,  he  w^as  prostrated  by  the 
illness  which  finally  terminated  in  his  death.  From  this  attack  he  ral- 
lied sufficiently  to  return  to  this  country,  landing  in  New  York  May  28, 
1883.  He  was  able,  bj  a  certain  amount  of  injury  to  himself,  to  report 
the  results  of  his  examinations  to  the  Department  of  Public  Works  in 
New  York  before  coming  home  to  Chicago.  This  act  may  be  said  to 
have  terminated  his  professional  career.  From  that  time  until  his  death 
he  was  an  invalid,  and  even  when  he  felt  himself  to  be  able  for  seme 
light  work,  was  not  allowed  by  his  physician  to  attempt  it. 

Mr.  Chesbrough  was  one  of  the  organizers  of  this  Society,  and  served 
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as  its  President  for  many  years.  "When  in  Chicago,  and  in  health,  he 
wasconstant  in  attendance.  He  was  a  man  to  whom  the  Society  owes 
much,  and  by  whose  membership  we  are  honored.  He  was  also  a  valued 
member  of  the  American  Society  of  Civil  Engineers,  and  for  one  term 
its  President. 

Mr.  Chesbrough  leaves  a  widow,  two  sons,  and  one  grandson,  all  resi- 
dents of  Chicago. 

There  were  elements  in  Mr.  Chesbrough's  character,  as  manifested  in  his 
daily  work,  which  by  unfriendly  or  superficial  criticism  could  be  made 
to  appear  contradictory. 

He  was  extremely  cautious  in  arriving  at  conclusions,  and  particularly 
so  in  making  recommendations.  This  caution  was  frequently  mistaken  for 
indecision,  when,  as  a  matter  of  fact,  it  w^as  but  the  careful  weighing  of  the 
evidence  before  him.  He  was  never  a  man  w^ho  could  form  an  opinion 
on  one  sided  or  partial  evidence,  so  long  as  he  believed  there  was  more 
evidence  in  existence.  He  was  ever  disposed  to  give  grreater  weight  to 
experience  and  precedent  than  to  conclusions  evolved  from  the  inner 
consciousness. 

This,  as  we  have  seen,  did  not  prevent  his  adopting  bold  projects,  and 
carrying  them  to  a  successful  conclusion.  When  he  was  inclined  to 
recommend  a  bold  plan  of  any  kind ,  he  would  search  high  and  low  for 
some  experience  that  could  be  construed  in  its  favor,  or  against  it. 

Though  in  early  life  he  did  not  have  the  opportunities  for  such  scien- 
tific training  as  is  afforded  by  the  best  modern  engineering  schools,  his 
habits  of  mind  and  methods  of  arriving  at  conclusions  were  highly  scien- 
tific. This  lack  of  early  training  he  always  deplored,  though  to  a  mind 
constituted  as  his  was,  the  deficiency  was  no  great  drawback  to  success. 
He  was  not  content  to  apply  purely  theoretical  deductions  in  practice, 
but  must  have  an  experimental  basis  for  everything  done  by  him.  Not 
that  the  exact  counterpart  of  a  proposed  structure  must  exist,  but  there 
must  be  some  analogy  between  the  thing  proposed  and  something  else 
that  had  become  established  on  experimental  grounds.  This  demand 
that  everything  done  or  recommended  should  conform  to  some  well- 
established  rule  of  practice,  or  be  justified  by  a  clear  deduction  from  a 
verified  hypothesis,  saved  him  from  many  an  error  into  which  other 
persons  with  less  exacting  minds  would  have  fallen.  In  this  respect,  his 
methods  were  essentially  scientific. 

The  visionary  or  charlatan  who  selected  Mr.  Chesbrough  for  a  victim 
of  his  folly,  would  not  be  long  in  discovering  the  mistake  of  such  a  selec- 
tion. He  could  not  be  betrayed  into  the  endorsement  or  the  adoption  of 
a  wild  scheme,  however  skillfully  it  might  be  put  before  him.  If  there 
was  a  fallacy  in  it  he  would  sooner  or  later  discover  it.  If  there  was  no 
fallacy,  but  the  reason  upon  which  it  was  based  could  not  be  verified  or 
made  clear  to  him,  he  would  hold  it  in  abeyance  pending  such  verifica- 
tion. If  this  habitual  working  of  his  mind  led  him  to  delay  or  to  reject 
some  really  meritorious  plan,  it  also  saved  him  from  many  mistakes. 

Still  another  quality  of  Mr.  Chesbrough's  mind  was  farsightedness,  and 
nowhere  is  this  quality  better  portrayed  than  in  the  public  works  of  this 
city,  to  which  the  best  years  of  his  life  were  given.  In  view  of  what  is 
going  on  relative  to  the  water  supply  and  drainage  of  the  city,  this   may 
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seem  to  some  a  startling  proposition.  It  is,  liowever,  these  very  works 
that  render  the  truth  of  the  proposition  apparent.  A  careful  reading  of 
the  report  on  sewerage  made  on  his  return  from  Europe,  heretofore 
referred  to,  and  subsequent  reports  relative  to  the  same  subject,  shows 
that  all  the  evils  from  w^hich  the  city  is  now  suffering  were  apprehended 
and  means  suggested  for  their  removal  in  accordance  with  the  best  light 
then  attainable.  What  wonder  if  the  magnitude  of  the  evils  he  then 
foresaw^  has  exceeded  his  expectations?  What  wonder  if  the  means 
proposed  for  their  correction  now  seem  inadequate? 

Where  else  in  the  history  of  Chicago  has  a  conception  been  formed  as 
nearly  commensurate  with  subsequent  developments  as  that  embodied  in 
the  water  and  sewerage  works  ?  Have  the  great  corporations,  railroad 
companies,  gas  companies,  etc.,  shown  an  equal  adequacy  in  dealing  with 
the  future  ?  If  there  is  one  thing  connected  with  the  physical  well-being 
of  this  city  that  should  be  a  subject  of  profound  gratitude,  it  is  that  the 
early  development  of  the  sewerage  and  water  systems  were  dominated 
by  so  wise  a  forethought.  With  the  accumulated  experience  of  30  years, 
since  the  beginning  of  the  Chicago  sewerage  system,  it  is  safe  to  say 
that  the  engineers  who  could  undertake  a  similar  problem,  under 
like  phenomenal  conditions  and  not  fall  far  behind  Mr.  Chesbrough  in 
adequacy  of  comprehension,  are  few  indeed.  It  is  seldom  the  duty  of  an 
engineer  to  plan  and  execute  an  ideal  conception  ;  he  is  generally  ham- 
pered by  doubts  and  uncertainties  as  to  the  future  on  the  one  hand,  and 
so  restricted  as  to  funds  on  the  other  that  makeshifts  often  become  his 
main  reliance. 

But  with  all  these  difficulties  to  contend  with,  where  is  the  city  that 
has  had  so  few  makeshifts  imposed  upon  it  as  Chicago  in  the  hands  of 
Mr.  Chesbrough  ?  Who  can  deny  that  herein  lies  the  evidence  of  his 
farsightedness. 

He  possessed  a  broad  common  sense  which  is  as  essential  to  a  successful 
engineer  as  it  is  to  success  in  the  commoner  affairs  of  life.  He  was 
diplomatic  in  meeting  and  overcoming  opposition.  In  these,  and  in 
generalization,  in  forecasting  probabilities,  Mr.  Chesbrough  excelled. 

His  standard  of  professional  honor  was  as  high  as  the  moral  standard 
always  maintained  by  him  in  all  things.  He  invariably  approached  a 
subject  with  a  mind  unbiased  by  hope  or  expectation  of  personal 
aggrandizement.  It  was  his  fairness  and  impartiality,  coupled  with  a 
cautious,  discriminating  judgment,  that  made  his  opinion  valuable,  and 
caused  it  to  be  sought  for  on  many  subjects. 

If,  professionally,  Mr.  Chesbrough's  character  was  above  an  aspersion 
of  dishonesty,  privately,  it  was  stainless.  His  walk  was  upright,  and 
without  a  shadow.  The  highest  Christian  ideal,  of  doing  justly,  loving 
mercy,  and  walking  humbly,  was  the  rule  of  his  life. 

A  noticeable  trait  of  Mr.  Chesbrough's  character  was  the  kindness  and 
consideration  he  showed  all  other  members  of  his  profession,  particularly 
the  yong  men  who  were  seeking  employment  or  information  relative  to 
engineering  questions. 

Socially  he  was  genial  and  courteous  in  the  extreme.  In  his  official 
intercourse  with  all  grades  of  men  he  was  uniformly  polite,  whether  it 
was  the  highest  official  he  was  addressing  or  the  poorest  and  least 
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influential  laborer.  He  would  pattern ly  listen  to  every  complaint  and 
Ti^ht  every  wrong  so  far  as  it  was  in  his  power.  None  of  his  politeness 
and  patience  came  of  docility  of  temper,  however,  for  he  was  naturally 
high  spirited,  and  under  great  provocation  could  resent  an  insult  with 
emphasis  and  indignation.  No  one  could  be  more  decided  than  he  after 
doubts  had  been  removed  from  his  mind,  nor  take  a  firmer  stand  in  oppo- 
sition to  what  he  believed  to  be  an  error,  an  injustice,  or  a  bit  of 
rascality. 

"  His  life  was  gentle,  and  the  elements  so  mixed  in  him  that  nature 
might  stand  up  and  say  to  all  the  world,  this  was  a  man." 


CABLE  RAILWAYS. 


By  Wm.  H.  Seaeles,  Member  of  the  Civil  Engineers'  Club  of  Cleveland. 

[Read  October  13,  1886  ] 


The  use  of  cables  for  moving  cars  upon  inclined  planes  is  an  old 
device,  but  it  is  only  within  a  few  years  that  cables  have  been  applied  to 
hauling  passenger  cars  on  our  street  railroads.  On  inclined  planes  there 
are  usually  two  cars  or  trains  at  a  time,  the  one  ascending  as  the  other 
descends ;  and  the  direction  of  the  motion  of  the  engine  and  cable  is 
reversed  at  each  trip.  But  on  a  cable  road,  the  cable  is  endless  and  is 
constantly  driven  in  the  same  direction  on  a  circuit,  while  an  indefinite 
number  of  cars  may  be  attached  to  it  on  a  double  track  road. 

The  cable  road  system  was  first  introduced  upon  the  Clay  street  hill  of 
San  Francisco,  by  Gen.  Doubleday,  Captain  Ogden  and  Mr.  A.  S.  Hallidie. 
The  latter  gentleman  took  out  patents  for  various  mechanical  appliances 
used  in  connection  with  cable  iraction,  and  the  present  system  is  gener- 
ally known  by  his  name.  It  would  seem  as  though  the  first  intention 
was  merely  a  modification  of  the  old  incline  system,  for  the  Clay  street 
road,  though  only  one  mile  in  length,  has  a  rise  of  307  feet,  and  the 
steepest  grade  is  at  the  rate  of  16^  feet  per  100,  or  858  feet  per  mile.  The 
cable  had  a  speed  of  six  miles  per  hour,  running  17^  hours  a  day.  Not- 
withstanding the  novelty  of  the  plant  and  method  of  operation,  the  road 
was  worked  very  successfully,  and  did  great  credit  to  the  inventors  and 
managers.  The  road  began  business  in  August,  1873,  but  it  was  three 
years  later  before  another  company  ventured  to  adopt  the  system.  This 
was  the  Sutter  Street  Railroad  Company,  which  placed  a  cable  on*  three 
miles  of  its  line  and  has  operated  it  ever  since  with  marked  advantage 
over  the  old  system. 

It  was  soon  found  that  the  cable  system  was  as  applicable  to  level 
roads  as  to  steep  inclines.  There  are  now  eight  cable  roads  in  San  Fran- 
cisco aggregating  43  miles  of  double  track,  all  built  oh  the  Hallidie  sys- 
*tem. 

In  1882  the  same  system  was  adopted  in  Chicago  by  the  Chicago  City 
Railway  Company,  which  now  has  over  20  miles  in  very  successful  opera- 
tion and  five  miles  more  under  construction.  Another  company  is  pre- 
paring to  operate  several  lines  on  the  north  side  of  the  city. 

In  Kansas  City  one  company  has  been  operating  three  miles  of  line  for 
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several  years  by  cable,  and  has  extended  the  line  one  and  a  half  miles  the 
present  year.  Another  company  is  now  building  a  line  to  be  about  three 
miles  long. 

In  St.  Louis,  the  St.  Louis  Cable  &  Western  Railroad  Co.  began  run- 
ning a  cable  road  three  and  a  quarter  miles  long  in  April,  1886,  and 
another  company  has  a  project  for  a  cable  road. 

In  Cincinnati  the  Mt.  Adams  and  Eden  Park  Railroad  Co.  has  been 
operating  a  mile  and  a  half  of  cable  road  for  a  year  or  more,  and  will 
soon  have  three  miles  running. 

Philadelphia  has  two  lines  of  cable  road,  one  of  which  is  not  running, 
owing  to  faulty  construction  ;  the  other  is  operated  successfully. 

New  York  has  one  cable  road,  extending  north  in  Tenth  avenue  from 
125th  street,  about  three  miles,  and  through  12oth  street  to  the  Harlem 
River,  about  two  miles.  The  latter  portion  is  not  yet  completed,  but  the 
part  in  Tenth  avenue  has  a  heavy  traffic.  The  line  is  the  property  of  the 
Third  Avenue  Railroad  Co. 

There  are  in  all  about  87  miles  of  cable  road  in  operation  in  the  United 
States  at  the  present  time,  more  than  one-half  of  which  has  been  con- 
structed within  the  last  five  years.  The  progress  in  the  five  years  to  come 
is  likely  to  be  much  more  rapid. 

These  roads  are  all  built  on  one  general  plan,  with,  of  course,  some 
variations  in  detail.  The  track  is  level  with  the  pavement,  but  is  not 
Xaid  in  the  ordinary  manner.  No  cross-ties  can  be  used,  since  they  would 
interfere  with  the  necessary  communication  between  the  cars  and  the 
cable.  In  constructing  the  road  a  trench  is  first  excavated  about  three 
feet  deep  by  two  and  a  half  feet  wide  along  the  centre  line  of  each  track. 
In  the  trench  are  placed  cast-iron  yokes  weighing  from  300  to  400  pounds 
each,  at  intervals  of  four  or  five  feet.  The  yokes  stand  on  the  bottom  of 
the  trench,  and  by  their  shape  give  form  to  the  conduit  which  is  required 
for  the  cable,  and  by  suitable  arms  support  the  track  rails,  which  are  bolted 
to  them.  They  also  carry  a  pair  of  slot-rails,  so  called,  which  are  placed 
in  the  middle  of  the  track  and  form  the  central  cover  to  the  conduit. 
The  slot  rails  are  of  rolled  iron  or  steel  of  a  peculiar  pattern.  The 
tops  are  inclined  toward  each  other,  leaving  between  them,  at  the 
level  of  the  pavement,  a  slot  or  longitudinal  opening  three-quarters 
of  an  inch  wide,  which  extends  the  entire  length  of  the  track.  The 
slot-rails  stand  7  or  8  inches  high,  and  their  bases  are  6  or  7  inches 
apart.  They  weigh  50  to  60  pounds  per  yard  each.  In  some  cases 
the  yokes  have  been  made  of  railroad  iron  bent  to  the  proper  shape 
and  braced  with  angle  iron.  These  yokes  were  of  less  weight,  but 
being  more  elastic  they  yielded  to  the  lateral  pressure  of  the  trench 
and  pavement,  and  thus  allowed  the  slot  lo  close,  giving  a  great  deal 
of  trouble  m  the  operation  of  the  road.  Where  the  strength  of  the 
yokes  is  not  sufficient  to  keep  the  slot  rails  apart,  the  latter  are  anchored 
back  to  the  track  rails  with  half -inch  rods.  The  conduit  is  built  of  con- 
crete, requiring  35  cubic  yards  per  100  feet  of  single  track.  The  conduit 
is  either  oval  or  rectangular,  according  to  the  shape  of  the  yoke  adopted. 
The  St.  Louis  conduit  is  lined  with  sheet  iron  ;  that  in  Cincinnati  is 
lined  on  the  sides  with  plank  previously  treated  by  a  preserving  process, 
and  on  the  bottom  with  a  coating  of  pure  cement.     Plates  of  iron  are 
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employed  to  cover  the  spaces  between  the  walls  of  the  conduit  and  the 
bases  of  the  slot  rails.  Carrying  pulleys  are  placed  at  regular  intervals 
within  the  conduit  to  support  the  cable.  They  have  a  face  of  4  or  5 
inches  slightly  concave,  with  a  central  groove  about  |  inch  deep  for 
the  cable.  Their  diameter  is  12  or  14  inches.  (Sheaves  of  only  9-inch 
diameter  wore  out  very  rapidly.)  They  are  fixed  on  shafts  of  |  to  1^ 
inch  diameter,  and  from  9  to  13  inches  long.  The  methods  of  mounting 
are  various,  but  the  later  preference  is  for  steel  shafts  in  boxes  of 
babbitt-metal.  The  ruder  forms  of  mounting  wear  out  too  readily,  and 
consume  too  much  power.  The  sheaves  clear  the  bottom  of  the  conduit 
by  several  inches  to  allow  the  passage  of  water  and  mud  which  may  get 
in  through  the  slot.  On  curves  a  series  of  horizontal  sheaves  are  used. 
These  sheaves  vary  in  diameter  all  the  way  from  14^  to  42  inches.  Sizes 
from  19  to  29  inches  seem  most  desirable,  and  on  curves  of  short  radii 
they  are  placed  as  close  together  as  possible.  The  conduit  is  enlarged  to 
accommodate  them,  and  yokes  of  special  forms  are  provided  ;  cast-iron 
covers  over  them  are  substituted  for  the  ordinary  pavement.  The  shafts 
are  usually  2  inches  in  diameter,  and  are  provided  with  both  upper  and 
under  bearings  in  babbitt  boxes. 

The  cables  are  1 J  inches  diameter  of  steel  wire,  19  wires  to  the  strand. 
The  cable  is  not  placed  directly  under  the  slot,  but  a  little  to  one  side  of 
it.  The  length  is  generally  limited  to  five  miles.  The  St.  Louis  cable  is 
over  34,000  feet  long.  The  breaking  strain,  when  new,  is  about  39  tons. 
A  cable  in  constant  use  lasts  12  or  14  months,  in  which  time  it  will  run 
from  85,000  to  100,000  miles.  When  condemned,  it  will  have  lost  per- 
haps 10  per  cent,  of  its  weight  and  40  per  cent,  of  its  strength.  Very 
much  depends,  however,  on  the  excellence  of  the  pulleys  and  other  ma- 
chinery, and  freedom  from  mishaps.  The  splice  of  a  cable  is  19  feet 
long,  one  end  lapping  by  the  other  this  distance.  It  requires  the  ser- 
vices of  several  men  specially  trained  for  the  work,  and  occupies  them 
three  or  four  hours.  When  completed,  the  splice  can  hardly  be  detected 
in  a  running  cable.  The  cable  speed  varies  from  seven  miles  an  hour  in 
Kansas  City  and  seven  and  a  half  miles  an  hour  in  St.  Louis  to  ten  miles 
an  hour  in  Chicago.  The  new  line  in  Chicago,  in  the  suburban  district, 
is  to  have  a  speed  of  twelve  miles  an  hour.  Motion  is  imparted  to  the 
cable  by  heavy  machinery  specially  designed  for  the  purpose.  The 
engine-house  may  be  located  at  any  convenient  point  along  the  line. 
The  highest  point  of  the  grade  would  doubtless  give  the  easiest  work- 
ing, but  this  consideration  seems  not  to  have  been  regarded  on  any  of  the 
recent  roads.  The  cable,  on  entering  the  engine-house,  passes  around  two 
drums,  giving  a  half  wrap  to  each  successively  until  two  or  three  wraps 
have  been  made.  It  then  passes  to  the  rear  and  over  a  tension  wheel, 
whence  it  returns  to  the  street  to  repeat  the  circuit  of  the  road.  The  drums 
are  of  cast  iron,  12  feet  in  diameter,  and  have  four  or  five  grooves  on  the 
face  to  receive  the  cable.  The  grooves  are  parallel,  and  each  returns 
into  itself.  The  shaft  of  one  drum  is  horizontal,  but  the  other  is  slightly 
inclined,  so  that  the  first  groove  on  one  drum  may  be  directly  opposite  the 
second  groove  on  the  other.  Both  drums  revolve  in  the  same  direction,  a 
large  gear  wheel  on  each  shaft  being  connected  with  the  other  by  an 
intervening  pinion.     One  of  these  gears  is  driven  by  another  pinion  on  a 
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main  shaft,  which  is  in  turn  geared  to  the  engine  shaft.  The  effect  of 
this  gearing  is  to  give  the  engine  shaft  about  three  times  as  many  revo- 
lutions as  the  drum  shaft  makes  per  minute.  Wlien  new,  the  drums  are 
of  equal  diameter,  and  both  impart  motion  to  the  cable  ;  but  if  one  drum 
should  wear  more  than  the  other  in  the  grooves,  so  much  friction  and 
jar  would  be  produced  that  the  intervening  pinion  must  be  removed, 
allowing  one  drum  to  act  merely  as  an  idler  while  the  other  does  all  the 
work.  This  is  now  the  case  in  St.  Louis  and  Cincinnati.  In  New  York, 
on  the  contrary,  the  machinery  is  in  full  gear,  yet  operates  almost  noise- 
lessly. In  the  main  engine-house  of  the  Market  street  line,  San  Francisco, 
the  drums  revolve  in  opposite  directions,  the  cable  taking  three-quarters 
of  a  circumference  on  each,  in  the  form  of  a  figure  8.  The  gears  mesh 
directly  together  with  V-shaped  teeth,  and  are  driven  directly  from  a 
pinion  on  the  engine  shaft. 

On  every  line  duplicate  machinery  is  provided  as  a  reserve  in  case  of 
accident.  In  New  York,  even  a  duplicate  cable  is  placed  in  the  conduit 
on  separate  sheaves.  The  same  arrangement  was  originally  made  in 
Kansas  City,  but  has  since  been  abandoned  as  too  complicated,  and 
increasing  the  difficulties  when  an  accident  occurs. 

The  tension  wheel  is  designed  to  take  up  the  slack  of  the  cable, 
which  varies  considerably  in  amount,  and  to  give  to  the  cable  as  nearly 
uniform  a  tension  as  possible.  The  wheel,  which  is  12  feet  in  diameter, 
is  mounted  on  a  simple  carriage,  which  is  free  to  move  on  a  track  laid  in 
the  line  of  the  drums.  A  weight  attached  to  a  chain  passing  over  a  pulley 
draws  the  carriage  away  from  the  drums  until  resisted  by  the  loop  of  the 
cable  on  the  tension  wheel.  When  the  strain  on  the  outgoing  portion  of 
the  cable  is  greater  than  one-half  the  weight,  the  carriage  yields  until 
equilibrium  is  again  established.  The  carriage  is  thus  constantly  in 
motion  in  one  direction  or  the  other.  A  pair  of  heavy  spiral  springs 
attached  to  slack  chains  prevent  the  carriage  from  running  too  far  for- 
ward, as  it  frequently  would  do  under  a  suddenly  applied  strain. 

The  enginej  are  of  the  horizontal  non-condensing  type,  with  automatic 
cut-off  of  approved  pattern.  The  usual  size  of  cylinder  is  24  inches  by 
48  inches.  The  New  York  engines  are  28  inches  by  48  inches,  and  the  new 
engines  in  Chicago  are  30  inches  by  60  inches.  The  speed  is  generally 
from  60  to  65  revolutions  per  minute.  The  Kansas  City  engine  makes 
only  45  revolutions  per  minute,  while  that  in  Cincinnati  makes  as  high 
as  78  revolutions.  Each  engine  has  a  heavj-  fly-wheel  from  16  to  18  feet 
in  diameter,  and  weighing  from  3,400  to  40,000  pounds.  The  engines  are 
rated  at  from  250  to  300  horse-power  each.  The  boilers  and  furnaces  are 
of  various  patterns  according  to  the  preference  of  the  party  ordering 
them. 

There  are,  of  course,  various  other  details  of  more  or  less  importance 
connected  with  the  cable  system,  which  time  forbids  to  be  mentioned 
here.  This  paper,  however,  would  not  be  complete  without  some  descrip- 
tion of  the  grip,  an  ingenious  device  for  laying  hold  of  the  cable  at  will, 
so  as  to  make  it  haul  the  car,  and  of  loosening  the  hold  again  when  the 
car  is  to  stop.  The  grip  consists  of  an  iron  frame  attached  to  the  centre 
of  the  car,  from  which  an  iron  plate  extends  downward  through  the  slot 
in  the  track  into  the  conduit.     On  one  side  of  this  plate,  near  its  lower 
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edge,  is  attached  a  bar  of  composition  metal  called  a  die,  about  two  feet 
long,  parallel  to  the  cable,  over  which  the  cable  passes.  A  little  roller  at 
each  end  of  the  die  saves  the  cable  from  abrasion.  Another  die  attached 
to  another  plate  is  made  to  come  down  upon  the  cable,  gradually  increas- 
ing the  pressure  until  the  car  begins  to  move,  and  finally  seizing  the  cable 
so  firmly  that  the  car  is  carried  along  with  the  same  velocity  as  the  cable. 
The  upper  die  is  operated  b}^  a  lever  in  the  car.  To  stop  the  car  the  lever 
is  reversed,  allowing  the  cable  to  slip  through  the  dies,  and  ordinary 
brakes  are  applied  to  the  wheels.  The  grip  does  not  extend  far  enough 
down  to  interfere  with  the  carrying  pulleys,  nor  does  it  touch  the  curve 
pulleys,  which  are  placed  a  little  to  one  side  of  the  centre  line.  When 
necessary,  the  cable  can  be  thrown  out  of  the  grip  entirely  by  a  lever 
motion  in  the  car.  A  number  of  variations  in  the  design  of  grips  have 
been  patented  by  different  parties.  They  all  serve  the  same  general 
purpose  more  or  le?s  efficiently.  Indeed  the  grip  has  been  to  the  cable 
system,  like  the  point-threaded  needle  to  the  sewing  machine,  simply 
indispensable. 

On  the  whole  the  cable  system  has  commended  itself  wherever  it  has 
been  adopted  in  our  cities.  It  gives  to  the  public  much  cleaner  and 
quieter  streets  than  the  horse-car  system  can.  It  affords  a  more  rapid 
transit,  and  a  more  uniform  speed  in  all  weathers,  at  all  hours  and  over 
all  grades.  It  avoids  the  distressing  spectacle  of  overstrained  horses 
struggling  to  start  a  crowded  car,  and  slipping  and  sometimes  falling  in 
the  attempt.  It  avoids  all  delay  from  balky  animals.  It  promptly 
increases  the  value  of  outlying  real  estate  in  the  vicinity  of  the  line.  To 
the  railroad  company  it  gives  the  advantage  of  a  largely  increased  busi- 
ness, resulting  from  greater  promptness  and  efficiency  in  operating  the 
line — qualities  which  are  quickly  appreciated  by  the  public.  But  it  also 
effects  a  decided  reduction  in  the  current  expenses  of  the  road.  In  the 
case  of  the  Sutter  street  road  of  San  Francisco,  three  miles  of  which  were 
changed  from  horse  to  cable  traction,  the  sworn  testimony  of  the  officers 
shows  that  the  actual  saving  in  expenses  was  30  per  cent.,  notwithstand- 
ing the  fact  that  the  business  of  the  road  was  increased  $962,375  in  the 
first  year  of  the  cable.  Other  companies  have  experienced  even  a  greater 
saving  than  this,  amounting  to  as  much  as  36  per  cent. 

The  main  objection  to  the  cable  system  is  its  large  first  cost.  A  double 
tracked  cable  road  laid  in  the  best  manner  and  supplied  with  girder  rails, 
will  cost,  exclusive  of  pavement,  at  the  rate  of  $65,000  a  mile  ;  or,  adding 
$25,000  a  mile  for  first-class  pavement,  will  bring  the  cost  up  to  $90,000  a 
mile.  The  necessary  buildings  and  plant  may  be  estimated  at  from 
$60,000  to  $100,000  according  to  circumstances.  The  supply  of  cars  will 
be  an  additional  item.  When  an  existing  horse  car  line  is  to  be  altered  to 
a  cable  line  the  expense  per  mile  is  not  much  less,  since  the  old  track  has 
to  be  entirely  removed  and  the  new  road  constructed  instead.  Some  of  the 
old  material  may  be  available.  Among  the  minor  objectionable  features 
is  the  grip.  It  takes  up  considerable  space  in  the  car  otherwise  available 
for  passengers ;  it  confines  the  car  to  the  track,  and  prevents  the  car 
from  going  where  there  is  no  conduit.  The  plates  soon  become  worn  by 
contact  with  the  slot  rails,  and  the  dies  require  renewal  once  a  month. 
The  first  cost  of  a  grip  is  about  fifty   dollars,  and  the  bill  for  repairs  is 
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continuous.  It  is  true  that  the  Lane  grip  used  in  Cincinnati  may  be 
detached  from  the  car,  and  occupies  no  passenger  space,  being  under  the 
car,  and  operated  from  the  front  platform,  but  it  is  subject  to  wear  quite 
as  much  as  any  other. 

The  great  desideratum,  therefore,  at  the  present  time  is  a  cable  system 
of  much  less  first  cost,  that  can  be  applied  to  existing  horse-car  lines 
without  destroying  the  track,  that  will  permit  the  use  of  cross  ties,  and 
that  will  dispense  with  the  use  of  the  grip.  A  new  line,  with  which  the 
writer  has  been  for  a  short  time  connected,  is  now  under  construction  in 
one  of  our  largest  cities.  It  is  constructed  on  aji  entirely  new  plan,  and 
is  designed  to  fulfill  every  one  of  the  above  requirements,  yet  to  be 
operated  as  cheaply  and  as  certainly  as  any  other  cable  line.  The  road 
will  be  completed  in  a  few  months,  and  should  it  fulfill  the  expectations 
entertained  regarding  it,  we  may  look  for  a  speedy  revolution  in  the 
operation  of  our  horse-car  lines. 
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Mr.  H.  F.  Dunham  :  Does  that  saving  of  33  or  36  per  cent,  include  in- 
terest on  the  cost  of  the  road  ? 

Mr.  W.  H.  Searles  :  No,  it  is  the  regular  operation  of  the  road,  a  com- 
parison of  power  and  wear  and  tear  with  the  horse  power.  Our  horse 
railroads  are  very  expensive. 

Mr.  Rawson  :  Does  not  the  Chicago  system  require  a  relay  of  horses  ? 

Mr.  Searles  :  Chicago  has  still  some  lines  operated  by  horses,  but  no 
horses  are  required  on  the  cable  lines. 

Mr.  Rawson  :  I  have  been  informed  that  there  was  a  relay  of  horses 
required  in  case  of  break  down  of  cables. 

Mr.  Searles  :  There  are  such  horses  for  some  lines,  and  they  could  be 
used  if  necessary,  but  as  yet  there  has  been  no  serious  delay,  not  more 
than  a  few  minutes  at  a  time. 

Mr.  Clark:  I  understand  that  the  axes  of  the  drums  are  at  an  angle  one 
with  the  other.  To  bring  the  bottom  of  the  first  slot  in  line  with  the  sec- 
ond slot,  what  gearing  is  used  ? 

Mr.  Searles  :  The  first  drum  has  square  gear.  The  last  drum  has 
regular  square  teeth.  Its  shaft  is  inclined  a  little  out  of  the  horizontal, 
and  the  teeth  have  a  slight  inclination  corresponding  to  that  of  the  shaft. 
The  cable  has  to  be  lifted  first  for  the  grip  to  seize  it.  The  grip  cannot  be 
lowered  or  raised.  There  is  a  form  of  grip  which  can  be  lowered  or 
raised,  but  it  has  not  been  adopted.  It  would  be  desirable  if  the  grip 
could  be  let  go  at  certain  places.  At  St.  Louis  they  have  sharp  curves, 
but  they  dare  not  loosen  the  grip,  as  they  could  not  recover  the  cable 
again. 

Mr.  Baker  :  Is  the  cable  supported  by  the  grip  ? 

Mr.  Searles  :  Yes,  so  that  it  does  not  rest  at  all  on  the  pulleys  near  the 
grip.  The  grip  clears  the  pulley  by  several  inches.  It  also  clears  the 
curve  pulleys  by  being  a  little  above  them,  and  also  by  reason  of  their 
being  slightly  off  the  centre  line. 

Mr.  Rawson  :  Could  you  give  us  some  idea  of  the  Johnson  cable  ? 

Mr.  Searlea  :  That  is  almost  too  much   for  this  evening.     It  is  entirely 
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different  from  what  I  have  described.  I  may  say  that  although  the  road 
now  building  in  Brooklyn  is  the  first  road  of  this  new  cable  system  laid 
in  a  street,  such  a  road  has  been  in  operation  in  this  city  for  a  year. 
However,  it  is  only  one-eighth  of  a  mile  long,  and  is  inclosed  with  a  high 
board  fence.  The  experience  gained  warrants  us  in  hoping  that  the  new 
road  will  be  prepared  to  do  business  on  a  large  scale  as  soon  as  com- 
pleted. 

A  Member :  What  amount  of  horse-power  will  it  take  to  move  the 
cable  ? 

Mr.  Searles  :  11  horse-power  on  tangents  and  13  and  14  horse-power 
on  roads  with  curves,  at  ordinary  speeds. 

Mr.  H.  F.  Dunham  :  What  relation  does  the  total  horse-power  of  the 
machinery  bear  to  the  number  of  horses  required  to  do  work  where  500 
horses  would  be  required  to  move  the  cars  ? 

Mr.  Searles  :  It  comes  very  near  to  two  horses  per  car,  including  fric- 
tion of  the  cable  and  friction  of  the  driving  machinery.  In  Chicago 
they  run  trains  of  cars.  The  grip-car  generally  hauls  two  others.  All 
three  are  loaded  with  passengers.  Of  course,  the  strain  on  the  grip  is 
more  than  on  two  horses. 

Mr.  Dunham  :  Horses  are  employed  only  eight  hours  in  the  day,  and 
the  cable  runs  continuously. 

Mr.  Searles  :  I  have  been  informed  that  the  horses  on  the  East  Cleve- 
land Railroad  are  only  worked  two  and  a  half  hours  a  day,  and  yet  they 
soon  break  down. 

Mr.  Warner  :  The  size  of  the  cable  is  an  inch  and  a  quarter.  Is  this 
reduced  by  use  ? 

Mr.  Searles  :  It  wears  out  in  12  or  14  months.  It  is  reduced  in  weight 
about  ten  per  cent,  when  condemned.  This  shrinkage  in  weight  is  due  to 
what  is  worn  off  of  the  diameter.  Sometimes  the  stretch  of  the  cable 
is  so  great  that  they  have  to  take  an  extra  wrap  on  the  drums.  These 
drums  are  overhung  at  the  very  end  of  the  shaft,  to  admit  of  an  extra 
wrap  without  splicing  the  cable. 

Mr.  Pierce  ;  Has  Mr.  Johnson  made  a  cable  out  of  the  quarter-inch 
thick  wire,  and  is  it  pliable  enough  to  go  over  the  drums  of  10  or  12  feet  ? 
It  appears  to  me  that  a  cable  made  of  that  wire  would  be  very  stiff. 

Mr.  Searles  :  This  cable  is  made  of  number  3  steel  wire,  6  wires  to  the 
cable.  There  has  -been  so  far  a  hemp  centre,  but  in  the  future  we  wish 
to  use  a  centre  made  of  fine  steel  wires.  The  cable  goes  round  a  12  foot 
drum  without  difficulty,  even  less,  down  to  9  feet  diameter.  After  pass- 
ing round  it  comes  out  as  straight  as  ever.  It  is  not  a  single  cable,  it  is  a 
pair  of  cables.  This  double  cable  measures  two  and  a  half  inches  across 
by  three-quarters  diameter. 

Mr.  Pierce  :  You  bijid  these  two  cables  together? 

Mr.  Searles  :  That  is  the  design.  The  cross  bars  or  stops  occur  at 
regular  intervals.  They  are  continued  in  the  space  between  the  cables, 
and  are  no  thicker  than  the  cable,  so  that  there  is  no  interference  with 
the  cables  wrapping  on  a  drum  or  passing  any  pulleys. 

Mr.  Baker  :  What  is  the  idea  in  using  such  a  large  wire? 

Mr.  Searles  :  The  idea  is  to  get  rid  of  the  grip.  This  double  cable  will 
go  round  a  sharp  curve  flat.     It  is  always  in  the  centre  of  the  track.      It 
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is  always  within  two  inches  of  the  surface  of  the  pavement.     It  is  always 
accessible  to  the  car.    But  you  can  let  go  of  it  if  you  please  at  any   time. 

Mr.  Dunham  :  How  does  the  going  rcund  in  such   a  horizontal  curre 
affect  the  stretch  of  the  cable  ?  • 

Mr.  Searles  :  The  outside  cable  is  stretched  the  most,  of  course,  but 
quite  well  within  the  limits  of  elasticity. 

Mr.  Latimer  :  I  have  just  returned  from  Cincinnati.  While  I  was 
there  I  visited  the  station  of  the  Cable  Company.  I  observed  that  they 
came  to  Cleveland  for  their  boilers,  to  Akron  for  their  cable  and  gearing 
wheels,  and  I  am  only  surprised  that  they  do  not  come  here  for  the 
Cummer  engine.  I  noticed  in  one  street  that  we  went  round  the  curves 
more  easily  than  in  acy  street  railroad  on  which  I  had  been.  The 
engineer  told  me  that  they  w^ere  using  Mr.  Searles'  spiral  curves.  You 
are  aware  that  Mr.  Searles  is  the  author  of  a  work  on  that  subject. 
While  I  was  making  some  observations  the  whole  system  stopped. 
Every  car  on  that  road  was  stopped  for  half  an  hour.  The  engineer  told 
me  that  the  driver  had  failed  to  let  go  his  grip  and  the  cable  was  thrown 
off  the  wheels.  They  have  been  running  engines  of  250  horse-power,  but 
they  have  just  set  up  a  new  one  of  500  horse-pow-er.  They  have  over- 
come entirely  the  closing  of  the  slots  by  using  a  cast-iron  frame.  They 
have  a  three  quarters  of  an  inch  slot.  This  road  costs  $35,000  per  mile 
against  $110,000  in  Chicago.     Their  cables  last  about  eleven  months. 

Mr.  Searles  :  One  lasted  14  months  in  San  Francisco.  That  was  an  ex- 
treme case. 

Mr.  Latimer  :  Since  the  introduction  of  the  cable  system  the  value  of 
real  estate  has  been  much  advanced  in  Cincinnati.  We  must  get  these 
cable  roads  in  Cleveland. 
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By.  J,  A.  TiLDEX,  Member  of  the  Boston  Society  of  Civil  Engineers, 

[Read  November  17,  1886.] 


It  is  the  intention  of  this  paper  to  sketch  the  development  of  the  water 
meter  as  a  mechanical  device.  All  questions  as  to  its  value  as  a  means 
of  checking  waste  and  as  a  method  of  equitably  adjusting  rates  are  not 
considered  here,  but  may  be  said  to  be  answered  by  the  constantly 
increasing  demand  for  an  efficient  and  cheap  meter. 

The  history  of  its  development  as  a  piece  of  mechanism  may  be  traced 
in  the  Patent  Office  ;  and  it  is  from  the  patent  records  of  the  United 
States,  England,  France  and  Germany,  and  from  a  few  scattered  publica- 
tions that  the  data  of  this  article  are  taken.  The  observations  submitted 
are  the  result  of  practical  experience  in  a  long  series  of  experiments,  and 
are  offered  simply  as  opinions. 

It  is  remarkable  that  upon  a  subject  of  such  importance  so  little  has 
been  written.  The  same  unprejudiced  thought  and  study  as  has  been 
given  the  steam  and  other  engines  is  entirely  wanting.^  It  appears 
to  have  been  studied  only  by  inventors  and  experimenters  who  have 
carefully  guarded  their  work  and  reserved  their  conclusions  for  them- 
selves.   Every  other  form  of  engine  or  motor  (for  a  meter  is  but  a  special 
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adaptation)  has  been  fully  elaborated,  and  there  are  many  authorities 
upon  every  subject  theoretical  or  practical  connected  therewith,  while  upon 
the  water  or  fluid  meter  information  as  to  its  mechanical  or  operative  de- 
tails is  almost  entirely  wanting.  It  was.on  this  account  that  the  Patent 
Records  were  searched  as  a  record  of  experimental  work.  As  to  their 
value  as  a  source  of  information  or  authority,  it  will  be  seen  that  each 
specification  must  be  read  with  caution,  as  many  conceptions  therein 
described  do  not  even  reach  the  experimental  stage,  while  by  far  the 
larger  proportion  are  abandoned  by  the  time  the  patent  is  printed.  A 
search  as  to  novelty  should  comprise,  and  in  the  United  States  Patent 
Office  does  comprise,  not  only  the  class  of  meters  but  that  of  engines, 
motors  and  pumps,  and  of  specific  parts.  A  task  of  this  kind  is  truly 
formidable,  for  to  be  complete  it  should  comprise  a  search  of  record  in 
all  patent  granting  countries. 

The  United  States  patents — class  of  meters — number  at  this  reading 
five  hundred  and  fifty-two  ;  those  of  England  and  Colonies  nearly  as  many 
more,  and  the  number  is  well  approached  by  the  sum  of  those  of  France, 
Germany,  Belgium  and  others.  Here  will  be  found  the  names  of  well- 
known  engineers  who  have  considered  the  water  meter  worthy  of  their 
expert  attention,  and  who  have  produced  some  very  excellent  machines  ; 
while  on  the  other  hand,  ic  has  decidedly  suffered  at  the  hands  of  the  en- 
tirely inexpert  and  ignorant,  who  have  succeeded  only  in  shrouding  it  in 
a  kind  of  mystery  and  in  producing  the  common  impression  that  a  suc- 
cessful meter  is  about  as  unattainable  as  perpetual  motion.  While  an 
enormous  amount  of  money  has  been  expended  in  experiments,  the  total 
number  of  patents  probably  representing  but  a  part,  only  a  small  por- 
tion has  been  utilized  in  well  executed  design,  as  shown  by  the  very  few 
efficient  devices  in  the  market.  If  this  statement  is  true,  there  must 
have  been  some  special  difficulty  peculiar  to  the  problem.  It  can  be 
shown  that  if  one  element,  that  of  cost,  were  eliminated,  mechanical 
defects  could  be  easily  overcome.  Efficient  and  cheap  it  must  be  m  order 
to  meet  a  demand  which  does  not  exist  for  a  high-priced  machine.  It  is 
the  cost  at  which  it  must  be  produced  which  makes  its  duty  and  require- 
ments in  excess  of  almost  any  other  automatic  machine. 

There  are  a  number  of  excellent  meters  in  use  whose  operation  may 
be  said  to  be  practically  all  that  is  desired,  their  limited  application 
being  not  on  account  of  any  defect,  but  because  of  their  high  price, 
which  arises  from  their  size,  weight  and  cost  of  manufacture.  It  may 
be  noted  here,  that  in  a  comparison  of  economy  of  meters,  durability 
and  permanency  are  as  great  a  factor  as  price. 

Ideas  of  what  constitute  efficiency  vary  with  almost  every  water  de- 
partment. Special  prominence  is  generally  given  to  one  particular  feat- 
ure to  the  oversight  of  others  of  equal  or  greater  importance.  However, 
they  average  up  about  as  follows  :  To  be  efficient,  a  meter  must  be  accu- 
rate within  a  permissible  error,  under  extremes  of  pressure  and  rates 
of  flow  of  perhaps  two  per  cent,  in  favor  of  either  department  or  con- 
sumer, and  must  maintain  this  standard  with  a  reasonable,  or  rather  an 
unreasonable,  degree  of  permanency.  It  must  not  materially  or  notice- 
ably retard  the  flow  or  diminish  the  pressure,  and  should  be  able  to  pass, 
without  stopping,  clogging  or  breakage,  substances  often  carried  along 
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with  the  water,  such  as  sand,  sediment,  pipe  scale,  etc.  It  must  be  able 
to  withstand  without  damage  water  hammer  caused  by  sudden  clos- 
ings, and  in  itself  produce  none,  or  make  any  noise  from  its  working 
parts.  Altogether,  it  must  be  compact,  of  non-corrosive  material,  inex- 
pensive in  repairs,  and  capable  of  standing  abuse  rather  than  use.  It 
will  be  observed  that  a  nu mber  of  these  requirements  are  not  inherent 
in  a  measuring  apparatus,  but  have  been  introduced  by  the  defects  ©f 
meters  themselves. 

Of  the  United  States  patents  on  meters  two  hundred  and  thirty-nine 
are  of  the  piston  type,  one  hundred  and  eighty-three  are  rotary,  fifty  are 
diaphragm,  and  eighty  are  oscillating.  There  are  in  addition  a  number 
of  miscellaneous  which  admit  of  no  large  classification,  such  as  those  of 
the  purely  inferential  and  proportional  type. 

The  reciprocating  piston  meter  in  its  severally  perfected  forms  is  a 
practical  measuring  device,  its  efficieucy  being  limited  only  on  account 
of  its  large  cost  arising  from  the  expensive  non-corrosive  materials  used 
in  a  necessarily  bulky  construction.  The  mechanical  problems  of  a 
piston  meter  have  been  fairly  met.  It  is  required  that  a  piston  be  forced 
by  water  controlled  by  a  suitable  valve  device  to  traverse  a  cylinder  and 
return  to  its  starting  point.  The  amount  of  water  displaced  or  measured 
per  stroke  is  equal  to  the  area  of  the  piston  into  the  distance  which  it 
travels.  Connected  with  a  properly  constructed  counter  or  register  the 
mechanism  is  complete.  According  to  the  records  it  would  appear  that 
this  class  of  meter  was  as  near  perfection  thirty  years  ago  as  it  is  to-day. 
Of  more  than  two  hundred  United  States  patents  in  this  line  but  two  or 
three  have  met  with  popular  favor  and  are  able  to  meet  the  market  at 
anything  approaching  the  required  price.  The  others,  which  in  many 
instances  show  great  ingenuity,  have  either  misconceived  the  object 
sought  for  or  utterly  failed  mechanically.  Many  large  and  costly  meters 
have  been  designed  under  the  impression  that  there  were  no  good  piston 
devices  m  use.  These,  of  course,  although  they  may  be  eflScient,  are 
unavailable  on  account  of  their  cost.  The  mechanical  failures  above 
mentioned  are  in  most  instances  absurdities  in  the  outset. 

The  best  forms  of  the  steam  pump  and  other  piston  engines  have  their 
adaptation  in  more  or  less  practical  water  meters.  A  special  arrange- 
ment of  the  parts  is  made  whereby  the  valve  mechanism  is  entirely  in- 
•closed,  and  in  such  manner  that  there  are  no  moving  parts  or  connections 
outside  the  case.  The  duplex  pump  is  represented  in  a  double  plunger 
meter  in  which  a  pair  of  double-acting  plungers  operate  in  conjunction 
with  a  pair  of  slide  valves.  The  single  pump  is  represented  in  various 
forms  of  single  piston  meters  in  which  the  valve  gearing  is  operated  by  a 
supplemental  piston  and  valve,  or  by  weights,  springs,  etc.  These  and 
other  modifications  of  reciprocating  engines,  while  quite  effective  are 
large  and  heavy,  and  consequently  costly. 

In  order  to  come  within  the  narrow  limits  of  price,  many  attempts 
toward  a  reduction  of  size  and  weight  have  followed,  and  as  a  result 
some  of  the  special  requirements  of  a  meter  have  been  sacrificed.  As  an 
instance,  in  the  attempt  to  make  a  single  piston  do  the  work  of  two  an 
infinite  variety  of  valve  mechanisms  have  been  devised  with  a  view  of 
obtaining  the  same  easy  movement   found  in  the  best  double  piston 
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meters.  The  uniform  result  has  been  that  ^ther  the  single  piston  meter 
must  be  made  large  enough  to  equal  in  capacity  the  double  piston  or  one 
of  the  following  defects  would  ensue  : 

First :  A  mechanical  noise  caused  by  the  striking  of  the  moving  parts^ 
such  as  would  come  of  the  use  of  levers,  weights  or  springs  in  obtaining 
a  reverse  movement  of  the  piston,  or  in  the  use  of  a  supplemental  valve^ 
by  the  main  or  auxiliary  piston  striking  its  hunters. 

Second  :  Water  hammer  caused  by  the  checking  of  the  flow  at  the 
instant  of  reversal  of  the  main  valve  ;  or,  third,  if  this  is  avoided  by  the 
use  of  poppet  or  open,  slide  or  piston  valves,  an  annoying  inaccuracy  of 
registration  ensues  from  the  varying  loss  of  water  under  different  con- 
ditions at  the  time  the  valve  is  changing.  The  double  piston  in  one  of 
its  best  forms  operates  upon  precisely  the  same  principle  as  the  steam 
end  of  a  duplex  pump,  the  piston,  or  plunger  as  it  is  in  the  meter,  mov- 
ing a  slide  valve  which  controls  the  water  for  the  other  plunger,  which 
in  turn  operates  a  valve  for  the  first.  All  piston,  valve  and  connecting 
rods  are  dispensed  with,  as  the  valves  are  inside  of  the  case  and  moved 
by  direct  contact  with  the  plungers. 

Attempts  to  lessen  the  high  cost  of  this  design  have  led  to  a  great  many 
experiments,  such  as  the  dispensing  v^rith  the  valves  by  the  use  of  one 
piston  as  the  valve  of  the  other,  by  placing  one  inside  of  the  other,  by 
placing  them  at  right  angles,  by  the  use  of  one  rotary  or  slide  valve 
operated  with  or  without  cranks  and  in  every  other  conceivable  relation. 
All  this  with  poor  success  in  the  way  of  a  meter  at  a  less  cost,  serving^ 
only  to  complicate  parts  or  introduce  some  peculiar  defect  of  its  own. 

Vibrating  or  oscillating  pistons  have  been  tried  in  many  forms  with 
little  satisfaction,  as  the  increased  cost  of  construction  overbalances  the 
reduction  in  weight. 

Flexible  diaphragms  have  been  substituted  for  the  piston,  and  combined 
with  every  valve  gearing  found  in  the  piston  and  oscillating  types,  but 
still  the  diminution  of  size  and  weight  is  not  found. 

The  opinion  is  submitted  that  almost  any  positive  displacement  device 
constructed  on  good  mechanical  principles,  and.  of  course,  specially 
adapted  for  the  work,  would  be  a  mechanical  success  as  a  measuring 
apparatus,  and  would  be  a  commercial  success  were  it  not  for  the 
rigorous  lines  drawn  by  the  very  limited  price  at  w^hich  it  must  be  pro- 
duced and  sold.  In  the  attempt  to  meet  this  cost  feature  by  a  diminu- 
tion in  size,  overwork  of  one  or  more  parts  or  a  general  overcrowding  is 
the  inevitable  result,  causing  either  rapid  wear  or  some  of  the  immediate 
annoying  defects,  such  as  mechanical  noise,  water  hammer,  stopping, 
small  capacity,  inaccurate  or  uneven  registration,  etc. 

There  is  a  large  class  of  inferential  meters  which  come  under  the  head 
of  Eotaries  ;  all  measuring  wheels,  turbine  screw  and  reaction  come  under 
this  class,  as  they  infer  that  for  a  given  number  of  revolutions  a  certain 
amount  of  water  will  pass.  It  can  be  seen  and  experience  has  proved  that 
only  an  unsatisfactory  approximation  is  the  result.  Many,  however,  are 
yet  in  use  in  England,  Germany  and  other  foreign  countries,  as  the  piston 
meters  made  and  in  use  there  are  very  expensive.  The  purely  inferential 
meters  are  those  which  infer  that  a  certain  amount  of  water  will  pass 
through  an  orifice,  the  size  of  which  is  controlled  by  the  flow.     Regis- 
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tration  is  obtained  and  figured  from  a  recording  gauge,  which  is  oper- 
ated by  a  piston  or  other  valve  at  the  orifice .  A  degree  of  success  has 
been  obtained  in  this  way  on  large  pipes. 

Proportional  meters  were  among  the  earliest  conceptions  for  the  regis- 
tering of  water  in  large  quantities.  In  these  a  relatively  small  portion  is 
deflected  from  the  main  pipe  and  measured  by  positive  displacement,  the 
principle  being  that  the  fluid  will  divide  proportionally  under  relatively 
equal  resistances.  It  has  been  found  that,  on  account  of  the  varying 
retardation  of  the  metered  part  under  the  different  conditions  of  pressure 
and  flow,  a  regulating  valve  of  great  delicacy  is.  required  to  deflect  the 
proper  quantity  from  the  open  pipe  to  the  meter,  according  to  the  reduc- 
tions of  pressure  at  the  point  of  discharge.  The  serious  defects  are,  fii'st, 
the  multiplication  of  error,  which  is  in  the  same  proportion  as  the 
unmetered  part  to  the  metered  ;  and,  second,  any  clogging  or  imperfect 
action  of  the  regulator  may  put  the  entire  amount  through  the  meter, 
or,  under  other  conditions,  none  through  it,  and  the  whole  through  the 
pipe  without  registering.  This  plan,  as  yet,  has  met  with  little  favor, 
and  may  be  said  to  have  scarcely  gone  beyond  the  experimental  stage. 
Its  entirely  inferential  character  and  great  delicacy  renders  it  little  more 
than  a  guessing  machine. 

A  number  of  devices  such  as  tilting  tanks,  floats  and  weighing  wheels 
are  simple  and  effective  where  they  can  be  used  for  delivering  water 
without  pressure  into  a  tank,  but,  of  course,  are  entirely  unavailable  for 
the  market,  as  the  introduction  of  a  meter  on  a  pipe  must  not  reduce  or 
affect  the  pressure. 

A  positive  displacement  rotary,  in  distinction  from  the  turbine  or  screw 
wheel  type,  has  constantly  been  sought  for  as  the  solution  of  an  efficient 
low-priced  meter.  The  same  observation  applies  here  as  in  the  recipro- 
cating piston.  Almost  any  reasonable,  well  constructed  rotary  piston  will 
measure  water  if  not  overcrowded,  but  with  few  exceptions  they  would 
have  to  be  made  so  large  as  to  be  unavailable,  or,  if  reduced  in  size,  are 
sure  to  introduce  the  same  defects  as  noted  in  the  reciprocating  meter. 
Friction  and  consequent  wear  and  inaccuracy  has  been  an  almost  unsur- 
mountable  obstacle  in  the  path  of  a  small  piston  rotary.  Until  within  a 
few  years  the  only  device  of  this  kind  meeting  with  any  degree  of  suc- 
cess has  been  the  double  piston  rotary,  and  this  at  the  expense  of  delicate 
and  costly  workmanship.  The  style  referred  to  is  on  the  same  general 
principle  as  the  double-gear  piston  found  in  several  patterns  of  steam 
engine  pumps  and  blowers. 

A  step  of  great  importance  has  been  taken  in  the  combination  of  a 
casing  and  one  piston  in  such  a  manner  that  the  piston  may  move  within 
its  case  dependent  upon  no  journals  or  bearings.  The  effect  of  this  is  so 
far  to  reduce  friction  and  increase  operative  areas  as  to  bring  the  meter 
within  a  very  small  compass.  Were  it  not  for  one  fault,  and  one  which 
is  singularly  developed  as  a  special  defect,  the  liability  to  stop  by  the 
wedging  of  a  minute  particle  of  sediment  between  one  of  the  many  con- 
tact surfaces  offered  by  their  peculiar  design,  this  improvement  would 
have  proved  the  meter  ultimatum.  The  introduction  of  this  class  of 
meters  in  Western  and  other  cities,  where  river  water  is  used,  and  in 
many  other  places  where  the  water  contains  a  large  amount  of  sediment, 
has  necessarily  been  limited. 
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There  has  been  a  special  effort  toward  the  designing  of  a  meter  which 
shall  remove  the  defects  of  uncertainty  and  unreliability  so  long  char- 
acteristic of  all  rotaries  without  sacrificing  any  of  the  advantages  ob- 
tained by  the  use  of  a  non-rotating;|piston.^.  This  end  is  accomplished  in 
a  class  of  meters  in  which  the  piston  is  perfectly  free  and  loose  in  its 
case.  It  is  confined  in  its  path  only  by  the  pressure  of  the  water  in  dis- 
tinction to  all  others  which  divide  the  case  in  such  a  manner  that  the 
piston  is  held  in  a  rigid  mechanical  path. "^  This  feature  enables  the  piston 
to  ride  over  substances  which  would  lock  any  rotary  whose  piston  is- 
mechanically  confined  or  rut  and  wear  out  any  reciprocating  meter. 

There  is  developed  in  all  modification  of  this  class  a  self  ccmpensating 
feature  by  which  a  seeming  paradox  is^ actually  accomplished,  the  fit  of 
the  parts  is  improved  by  use.  A  small  excess  of  pressure  on  one  side  of 
the  piston  serves  to  maintain  its  contact[on  the  other,  giving  by  continued 
service  a  fit  superior  to  the  best  mechanical  grinding.  Acting  as  its  own 
valve,  it  is  perfectly  balanced  by  the  duplicate  porting  of  the  plates  be- 
tween which  it  runs.  Too  much  importance  cannot  be  attached  to  bal- 
ancing the  moving  parts  especially  in  a  high-speed  meter,  using  the  ex- 
pression in  the  same  way  it  would  be  applied  to  an  engine. 

The  lifetime  of  a  meter  is  determined  by  the  wear  of  its  parts,  which 
in  turn  depends  upon  the  friction.  Tight  fitting  is  to  be  discouraged,  as 
it  is  productive  of  friction  and  inaccuracy.  It  is  evident  that  in  order  to 
reduce  a  meter  to  the  size  required  by  a  marketable  price,  the  working 
parts  must  move  with  great  rapidity.  That  is  to  say,  if  it  is  desired  that 
a  very  small  part  do  the  work  of  a  large  one,  it  must  of  course  move  very 
fast.  This  means  the  use  of  a  revolving  piston  in  preference  to  a  recip- 
rocating. It  is  obviously'impossible  for  a  reciprocating  piston  to  attain 
the  speed  in  a  non-elastic  fluid  that  a'  continuous  [motion  or  revolving 
piston  is  able  to  reach.  In^view  of  this,  it  is  [thought  that  this  rule  will 
apply.  All  moving  parts  in  a  high-speed  meter  must  be  either  balanced 
in  action  or  compensating  for  wear.  In  the^syle  of  meter  last  referred 
to  this  rule  is  applied  to  a  [marked  degree.  The  principle  involved  is 
susceptible  of  many  modifications.  An  illustration  is  found  in  a  meter 
in  which  the  piston — which  is  made  of  hard  rubber  on  account  of  its 
lightness  and  great  durability — moves'in  a  circular  path,  but  does  not  in 
any  sense  rotate  on  an  axis  real  or  imaginary.  It  has  six  radial  projec- 
tions, which  in  turn  enter  six  measuring  spaces  or  recesses  in  the  casing, 
which  is  also  of  hard  rubber,  and  by  dividing  each  into  receiving  and 
discharging  spaces  operates'upon  precisely  the  same  principle  as  piston 
and  cylinder  displacement.  Three  of  ^'the  six  projections  are  at  work  in 
their  respective  recesses  at  a  time,  and  the  same  relative  side  of  each 
being  by  the  arrangement  of  the  ports  open  to  the  inlet,  and  the  other 
side  to  the  outlet,  a  continuous  motion  and  flow  is  effected.  At  the 
same  instant  that  one  projection  leaves  its  space  another  one  on  the 
opposite  side  commences  to  work.  The  piston  carries  a  pin  which  drives 
a  registering  train,  and  as  a  certain  uniform  amount  is  discharged  per 
revolution,  proper  gearing  reduces  it  to  cubic  feet,  the  unit  of  measure- 
ment. It  is  believed  that  the  improvement  of  a  "  free  piston"  so  far 
reduces  internal  friction  as  to  materially  increase  the  eflSciency  of  the 
rotary  meter,  the  consequent  gain  in  durability  more  nearly  approaches 
the  requirements  of  cost. 


STREET    PAVEMENTS. 


A  Discussion  by  Members  of  the  Western  Society  of  Engineers. 


In  answer  to  the  quer3%  referred  to  the  Committee  on  Streets,  at  the 
meeting  June  1, 1866,  "  What  is  the  best  pavement,  or  improved  roadway, 
for  a  city  residence  street  having  a  limited  amount  of  travel?"  the  fol- 
lowing discussion  was  had  : 

C.  P.  Matlack,  San  Antonio,  Texas  :  During  the  last  year  I  have  put 
down  about  four  miles  of  gravel  roadway  on  a  Telford  foundation. 
These  are  the  specifications  for  the  roadway  : 

"The  earth  roadbed  on  which  the  pavement  is  to  rest  is  to  be  ex- 
cavated to  sub-grade  twelve  (12)  inches  below  and  parallel  with  the  legal 
grade  and  finished  surface  of  the  street  ;  and,  when  graded  and  shaped 
to  its  proi3er  form  and  cross  section,  it  is  to  be  thoroughly  and  repeatedly 
rolled  with  the  steam  roller,  and  all  depressions  which  then  appear  are 
to  be  filled  in  with  the  same  material  as  the  roadbed,  and  rolled  until  the 
whole  becomes  uniformly  compact  and  solid. 

"Upon  the  roadbed,  thus  formed  and  compacted,  shall  be  deposited  a 
layer  of  spalls  and  broken  stone — the  dimensions  of  the  stone  to  be  as 
nearly  uniform  as  possible.  The  stone  shall  be  free  from  dust  and  dirt. 
After  being  placed  in  position,  this  layer  shall  be  thoroughly  rolled  to  a 
true  and  even  surface  ;  any  dexDressions  to  be  filled  up  and  re-rolled.  The 
layer  to  be  six  inches  thick  after  consolidation,  and  the  surface  to  be 
parallel  to  the  established  cross  section  and  finished  surface  of  the  street. 

"Gutters  are  to  be  paved  with  mesquite  blocks  fifteen  inches  long, 
three  inches  thick  and  five  inches  deep,  resting  upon  the  stone  founda- 
tion, above  specified,  with  an  intermediate  layer  of  fine  screened  gravel ; 
the  blocks  laid  close  and  at  right  angles  to  the  axis  of  the  street. 

"  The  gravel  forming  the  intermediate  and  surface  layers  must  pass 
through  screens  of  the  following  sizes:  1st  size— Screens  with  meshes 
one- half  inch  square;  2d  size — Screens  with  meshes  two  inches  square. 

"  The  intermediate  layer  of  gravel  to  consist  of  second  size  screenings, 
as  described  above.  The  layer  must  be  three  (3)  inches  thick  after  being 
thoroughly  consolidated  by  the  roller.  The  rolling  to  begin  at  the  gutter 
and  be  gradually  worked  towards  the  centre.  On  its  upper  surface  it 
must  be  identical  in  rise  and  form  to  the  cross  section  of  the  finished  sur- 
face. 

"  In  laying  this  course,  a  small  quantity  of  binding  material  is  to  be 
used,  suflficient  only  to  fill  up  crevices  and  render  this  portion  of  the 
pavement  solid. 

"  The  binding  material  may  be  of  fine  screened  gravel  or  sand,  which 
is  to  be  sufficiently  watered  during  the  process  of  rolb'ng  to  prevent 
adherence  to  the  roller. 

"  On  the  intermediate  course  is  to  be  laid  the  surface  layer  of  gravel. 
It  must  be  three  (3)  inches  in  depth,  after  being  consoKdated  by  rolling. 

"This  layer  is  to  consist  of  screenings  of  the  first  size,  as  described 
above,  and  to  contain  no  large  stones  whatever. 
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**  The  material  is  to  be  raked  to  an  even  surface  and  the  roller  passed 
over  it  two  or  three  times. 

"  The  surface  is  then  to  be  sprinkled  and  the  rolling  continued,  working 
the  roller  backward  and  forward  gradually  from  the  gutter  towards  the 
centre,  with  an  occasional  light  watering  of  the  pavement  and  the 
addition  of  the  necessary  material  until  the  cross  section  is  e^act  accord- 
ing to  specification,  and  the  roadway  firmly  compacted  and  solid." 

The  material  we  have  here  at  hand  is  a  very  soft  limestone  which  can 
be  easily  worked,  and  a  closely  paved  foundation  can  be  obtained  at 
moderate  expense.  The  gravel  is  very  hard  flint,  of  irregular  shape,  and 
not  water  worn.  The  screenings  from  the  gravel  which  we  use  for 
binder  consist  of  small  particles  of  flint  and  grit,  mixed  with  clay  and 
black  soil.  The  specifications  have  been  very  well  carried  out,  with  the 
exception  that  I  have  found  it  better  to  make  the  layers  of  gravel  four 
inches  and  two  inches,  and  have  the  top  two  inches  of  gravel  put  through 
a  f-inch  mesh  instead  of  a  ^-inch. 

Before  rolling  the  middle  layer  of  gravel  I  have  had  it  well  sprinkled, 
and  not  rolled  until  the  top  had  dried  enough  not  to  stick  to  the 
roller,  the  rolling  being  continued  on  this  layer  until  the  stones  were  well 
settled  in  place  and  did  not  mount  up  before  the  roller.  Bare  places  will 
appear  on  the  surface  caused  by  the  fine  binding  material  sifting  down 
through  the  stone.  No  attempt  has  been  made  to  cover  them  up.  The 
top  two  inches  has  received  most  of  the  rolling.  After  it  has  been 
brought  to  a  firm  surface,  it  has  been  thoroughly  wet,  in  fact  flushed, 
and  rolled  repeatedly  in  that  condition.  The  surplus  clay  and  dirt  will 
work  to  the  surface,  where  it  is  kept  so  thin  that  it  will  not  stick.  The 
result  is  that  all  the  fine  gravel  is  firmly  bedded,  and  the  surface  is  hard 
and  smooth.  As  an  experiment,  I  had  sand  spread  over  the  surface  of  a 
small  piece  while  the  top  was  being  rolled.  I  found  it  to  be  a  great  im- 
provement, but  it  was  not  kept  up  on  account  of  the  expense.  The  first 
piece  of  work  was  finished  about  seven  months  ago,  and  since  that  time 
it  has  been  subjected  to  a  continual  travel,  consisting  of  country  wagons, 
wood  wagons  and  a  great  deal  of  light  driving. 

Although  no  attention  has  been  paid  to  it  in  the  way  of  repairs,  there 
is  no  showing  of  ruts  or  uneven  wear  as  yet. 

In  a  short  time  I  expect  to  put  down  a  short  piece  of  street  with  gravel 
only,  leaving  out  the  Telford  foundation,  when  I  can  compare  the  results 
as  to  duration.  I  believe,  however,  for  light  travel,  with  a  firm  soil, 
that  a  cheap  and  durable  roadway  can  be  obtained  at  a  small  cost,  pro- 
vided the  subgrade  is  thoroughly  rolled,  and  provision  made  for  under- 
drainage. 

The  contract  price  for  the  Telford  work  is  76ic.  per  sq.  yd.  of  finished 
surface ;  excavation,  29^0.  per  cu.  yard  ;  curbing,  54^0.  per  lineal  foot ; 
gutter,  27|c.  per  lineal  foot. 

This  price,  however,  is  low,  and  the  contractor  has  lost  money.  I 
consider  $1  per  square  yard  a  fair  price  for  the  best  workmanship  and 
carefully  selected  material. 

The  greater  parts  of  the  roads  have  been  built  on  a  black,  sticky  soil, 
which  when  wet  gets  very  soft,  and  is  almost  entirely  impervious  to 
water.  When  dry  it  is  very  hard,  and  cracks  open.  The  work  is  hardly 
old  enough  yet  to  make  any  very  valuable  comparisons. 
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Mr.  C.  B.  Holmes  :  The  Chicago  City  Railway  Company  has  used  wood 
extensively  in  paving  its  tracks,  and  has  used  a  large  variety  of  it  :  pine» 
hemlock,  cedar,  maple,  elm,  gum  wood  and  lignum  vitse.  The  gum  wood 
was  in  round  blocks,  and  in  a  short  time  wore  into  an  oval  shape  like  a 
saucer  inverted,  and  became  so  objectionable  for  horses  to  travel  on  we 
had  to  take  it  out.  None  of  the  woods  lasted  for  a  satisfactory  period,  and 
all  were  very  hard  on  horses.  "When  frozen,  the  animals  would  strain 
all  the  cords  and  muscles  to  retain  a  foothold  on  the  slippery  pavement, 
and  soon  became  disabled,  many  of  them  falling  and  breaking  limbs  or 
otherwise  injuring  them.  In  the  summer  time  the  case  was  but  little  bet- 
ter when  the  blocks  were  wet  and  "greasy."  On  State  street,  from 
Madison  to  Lake  street,  the  company  renewed  the  pavement  regu- 
larly every  six  months,  and  sometimes  it  would  last  only  four 
months  ;  but  in  my  estimation  a  much  more  serious  objec- 
tion to  wood  is  the  effect  on  health.  Let  any  person  come 
into  the  city  from  the  lake  or  the  country,  where  air  is  pure,  any 
warm  morning  in  summer,  just  after  a  shower,  and  walk  down  any 
street  which  has  been  paved  for  six  months  with  wood,  and  he  can  taste 
the  bitter  poison  in  the  air  which  comes  from  the  fermentation  and 
decomposition  of  the  fibres  of  the  wood,  saturated  with  the  vilest  of 
excrements  and  droppings  from  the  horses,  and  the  wind  blows  these 
germs  of  disease  into  the  houses  of  the  people,  causing  diphtheria  and 
scarlet  fever  and  kindred  diseases,  which  prevail  to  such  an  alarming 
extent  in  a  city  paved  with  wood.  Our  experience,  extending  over  a 
long  term  of  years,  condemns  utterly  all  kinds  of  wood  pavement,  for 
the  reasons  given  :  Short-lived,  always  out  of  repair,  expensive  and  very 
unhealthy.     My  motto  is,  anything  but  ivoocl. 

The  President :  Mr.  Holmes,  what  would  you  recommend  for  a  street 
pavement  ? 

Mr.  Holmes  :  A  good  substantial  granite  block  on  a  business  street 
where  heavy  trucking  is  done  and  in  all  horse  paths  of  street  railways, 
and  in  residence  streets  a  macadam  foundation,  with  a  good  substantial 
dressing  of  from  three  to  six  inches  of  crushed  granite  rolled  with  a 
heavy  roller,  the  heavier  the  better.  This  secures  a  clean,  permanent, 
healthy,  quiet  pavement. 

Mr.  L.  P.  Morehouse  :  By  the  ''best  roadway  for  residence  streets  "  I 
understand  that  which  is  the  best  or  most  satisfactory,  so  far  as  the 
residents  or  property  owners  are  concerned.  It  is,  however,  possible 
that  a  non-resident  owner  might  be  satisfied  with  a  pavement  which 
might  be  very  objectionable  to  a  resident  non-owner,  and  the  latter 
might  require  a  much  more  expensive  pavement  than  the  owner  would 
be  willing  to  pay  for,  so  that  I  think  the  question  really  resolves  itself 
into  asking  what  is  the  most  satisfactory  pavement  for  the  resident 
owner,  the  man  who  has  to  pay  for  the  improvement  and  its  renewal, 
and  to  live  with  his  family  in  daily  contact  with  what  may  be  a  great 
source  of  comfort  or  of  annoyance.  I  have  often  driven  over  very  excel- 
lent roads  alongside  of  which  I  should  have  been  most  unwilling  to  live. 
To  insure  a  comfortable  paved  street  for  its  residents,  there  must  be 
freedom  from  noise,  dust  and  mud  ;  and  to  satisfy  the  f)roperty  owner, 
these  advantages  must  be  obtained  at  a  reasonable  expense.     Practically, 
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therefore,  it  is  impossible  to  answer  the  question  as  it  stands,  for  the 
"best"  pavement  costing,  say,  three  dollars  a  square  yard,  might  be 
very  unsatisfactory  to  an  owner  who  was  only  willing  to  pay  fifty  cents 
a  yard.  Absolute  freedom  from  noise,  dust  and  mud  can  only  be  ob- 
tained by  the  expenditure  of  considerable  money  ;  more,  in  fact,  than 
most  owners  are  willing  to  spend  for  this  purpose,  the  majority  of  people 
expecting  to  put  up  with  more  or  less  of  discomfort  in  this  matter,  as  in 
most  others.  The  asphaltum  pavements,  either  continuous  as  sheet 
asphaltum  or  in  blocks,  claim  the  highest  excellence  in  cleanliness  and 
durability,  but  their  high  cost,  $2.50  to  $3.50  per  yard,  I  think  forbids 
their  use  except  upon  the  best  residence  streets.  I  say  "  forbids  their 
use,"  as  a  matter  of  fact,  not,  perhaps,  of  necessity,  for  their  advocates 
will  tell  us  that  the  comparatively  high  first  cost  is  compensated  for  by 
their  advantages  over  less  durable  and  desirable  pavements.  The  only 
objections  that  I  have  heard  urged  against  these  pavements  are  the  un- 
pleasant clicking  of  horses'  hoofs  on  them,  and  their  smoothness,  which, 
when  they  are  unsprinkled,  allows  the  dirt  tracked  on  to  them  to  blow 
off  in  fine  dust.  So  far  as  I  am  aware,  the  wooden  block 
pavement  comes  next  in  its  claim  for  comfort,  and  has  the  pe- 
cuniary advantage  over  asphalt  in  its  first  cost,  which  ranges 
from  a  dollar  to  a  dollar  and  a  half  a  yard.  Mr.  Holmes  takes  the  posi- 
tion that  the  wood  pavement  is  unhealthy,  and  states  that  the  odors 
arising  from  it  after  a  rain  are  very  unpleasant.  Some  of  our  members 
have  been  much  in  favor  of  this  pavement,  and  I  should  like  to  hear 
from  them  on  these  points.  Mr.  Greeley  has  laid  a  great  deal  of  wood 
pavement  in  the  city,  and  I  presume  Mr.  Bullard  can  say  what  the  results 
thus  far  are  in  Springfield,  111.,  where  the  cedar  block  has  been  used 
extensively  during  the  last  five  or  six  years.  I  lived  for  several  years  on 
a  street  paved  with  the  Nicholson,  and  found  it  very  satisfactory  so  far  as 
noise  and  dust  were  concerned,  so  long  as  the  pavement  remained  in  good 
condition.  The  street  was  sprinkled  only  to  a  very  limited  extent,  but  there 
was  very  little  annoyance  from  dust.  Waiving  the  matter  of  healthful- 
ness,  it  is  a  mooted  question,  however,  whether  the  first  cost  is  enough 
lower  than  that  of  asphaltum  to  offset  the  expense  and  discomfort  occa- 
sioned by  the  perishable  nature  of  the  material.  Let  us  hear  something 
on  this  point.  How  long  will  the  wooden  pavement  remain  in  good 
condition?  Ten  ye^rs — twelve  years — fifteen  years?  Many  of  us  have 
seen  wooden  pavements  go  to  pieces  in  three  or  four  years.  But  if  the 
wooden  block  pavement  is  not  unhealthy  and  will  retain  an  even  surface 
for  ten  years,  with  light  repairs,  it  certainly  has  strong  claims  for  adop- 
tion on  residence  streets.  The  average  owner  would  probably  prefer  to 
renew  this  once  in  ten  years  at  a  cost  half  that  of  asphaltum  rather 
than  pay  a  hundred  per  cent,  more  at  first  for  a  pavement  that  would  last 
two  or  three  times  as  long.  If  both  be  unsprinkled,  it  seems  to  me  that 
a  new  block  pavement  is  as  free  from  dust,  mud,  and  noise  as  the  more 
expensive  asphaltum.  Now,  for  how  long  a  time  can  we  maintain  this 
condition  for  the  wood?  Can  we  materially  lengthen  it  by  a  system  of 
judicious  repairs? 

With  regard  to  macadam  and  gravel  roads,  their  character  is  generally 
determined  by  the    material    most   available    for    the    purpose.      Mr 
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Matlack,  for  his  San  Antonio  streets,  appears  to  be  quite  for- 
tunate, the  stone  and  gravel  working  'so  well  together.  In  many- 
localities  the  material  used  is  very  objectionable  on  account  of 
the  dust,  the  top  dressing  and  upper  layers  grinding  up,  under  the 
traflBc,  into  a  fine  powder  that  becomes  a  most  serious  annoyance 
whenever  a  brisk  breeze  stirs  it  up  and  carries  it  into  the  houses 
of  the  much  suffering  residents.  It  must  be  admitted,  from  our  stand- 
point, that"  such  roads  are  not  satisfactory.  Particular  care  should  be 
taken  to  secure  material  that  will  give  the  minimum  of  dust.  Under  the 
delusion  that  a  road  which  is  satisfactory  for  driving  puri)oses  is  neces- 
sarily a  desirable  improvement  for  the  persons  residing  on  it,  we  find, 
that  the  average  householder  accepts  such  a  road  as  a  matter  of  course, 
and  submits  to  the  rapid  deterioration  of  his  furniture  and  his  wife's 
good  nature  with  a  feeling  of  what  he  may  suppose  to  be  content,  but 
which  is  really  resignation.  He  will  tell  you  that  there  is  no  trouble 
from  dust,  as  the  road  is  kept  well  sprinkled;  but  as  this  practice  is  kept 
up  only  about  half  the  year,  it  is  plain  that,  for  a  considerable  portion  of 
the  time,  there  can  be  no  relief.  Indeed,  the  times  of  the  year  when  the 
winds  are  the  highest  are  those  when  it  is  impossible  to  get  any  sprink- 
ling done.  Admitting  that  a  wooden  block  pavement  will  accumulate 
some  dirt  and  produce  some  dust,  and,  on  the  other  hand,  that  we  are 
willing  to  pay  six  months  in  the  year  for  sprinkling  a  macadam  road,  I 
think  that  the  average  of  dust  on  the  unsprinkled  wood,  paved  street 
would  be  less  than  that  on  the  sprinkled  macadam.  Now  we  are  consid- 
ering a  residence  street  with  a  limited  amount  of  travel,  which  indicates 
that  the  street  is  not  built  up  in  continuous  blocks,  there  are^unoccupied 
lots  owned  by  non-residents,  and  to  insure  freedom  from  dust  the  resi- 
dents must  pay  for  sprinkling  in  front  of  these  as  well  as  in.  front  of 
their  own  property.  The  resident  owner  of  fifty  feet  frontage 
must  then  expect  to  pay  at  least  fifteen  dollars  annually  for  this  pur- 
pose. If  the  block  pavement  is  more  desirable,  the  owner  would  be  war- 
ranted in  borrowing  $100,  payable  at  the  end  of  ten  years,  at  5  per  cent, 
annual  interest,  for  the  yearly  amount  of  fifteen  dollars  would  put  aside 
one-tentn  of  the  principal  and  pay  the  interest.  If  the  roadway  were  36 
feet  wide,  the  fifty  feet  would  have  to  pay  for  100  square  yards,  so  that 
on  this  basis  the  owner  could  afford  to  pay  a  dollar  a  yard  more  for  the 
block  than  for  the  macadam.  But  if  the  element  of  dust  can  be  elim- 
inated from  the  macadam  or  gravel  road,  we  ought  to  obtain  the  most 
satisfactory  road,  for  the  first  cost,  and  the  maintenance  should  be  less, 
and  the  durability  much  greater  than  that  of  the  wood  pavement.  My 
personal  experience  with  the  former  is  that  they  are  very  objectionable 
on  account  of  the  dust. 

I  should  like  to  hear  from  others  on  this  point.  Mr.  Powell  has  put  a 
top  dressing  of  crushed  granite  on  some  streets  in  Hyde  Park,  and,  per- 
haps, he  can  tell  us  if  this  obviates  the  evil.  The  ordinary  macadamized 
streets  in  Hyde  Park  are  very  dusty,  except  when  well  wet  down. 

]\Ir.  Matlack  thinks  that  his  road  should  cost  about  a  dollar  a  yard,  and 
this,  I  believe,  is  about  the  cost  of  macadam  roads  put  down  in  and  about 
Chicago.  For  many  localities,  however,  it  is  necessary  to  have  a  cheaper 
road  than  this.     There  are  places  where  non-resident  owners  are  unwill- 
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ing,  and  cannot  be  obliged  to  incur  any  expense,  and  the  residents  are, 
under  the  circumstances,  willing  to  do  all  the  work  if  it  can  be  done 
very  cheaply  ;  or  the  tracts  may  have  a  large  frontage,  requiring  a  large 
expense  for  each  owner,  even  at  the  minimum  cost  per  yard  or  lineal 
foot.     What  will  you  give  us  for  these  ? 

The  ordinary  macadam  road  has  a  foundation  of  large  stones,  the  suc- 
cessive layers  growing  smaller  and  smaller,  but  I  have  noticed  excellent 
roads,  or  rather  short  sections,  which  had  been  made  simply  by  the 
deposit  of  house  ashes,  year  after  year,  in  the  sand  of  the  highway  in 
front  of  the  houses.  Having  occasion  to  excavate  through  one  of  these 
sections,  I  found  the  material  almost  as  hard  as  rock.  Will  some  one 
tell  us  if  the  solidification  is  due  to  the  union  of  the  sand  with  the  ashes, 
or  will  the  ashes  of  themselves,  under  pressure,  bind  sufficiently  to 
make  a  compact  mass  suitable  for  a  roadway  ?  In  other  words,  can 
you  by  means  of  a  heavy  roller  make  a  good  road  of  house  ashes  alone? 

Rolling-mill  cinders  are  used  locally  to  some  extent  for  roads,  but  I 
should  think  that,  perhaps,  house  ashes  mixed  with  them  might  be  an 
improvement.     Can  any  one  speak  as  to  this? 

The  subject  opened  up  by  the  query  is  a  pretty  broad  one,  but,  per- 
haps, the  discussion  of  cheap  suburban  roads  is  the  most  important  part 
of  it. 

Mr.  S.  A.  Bullard  :  A  pavement  for  a  street  must  be  (a)  serviceable,  (b) 
economical,  (c)  inoffensive,  in  order  to  be  satisfactory  to  those  who  use 
or  pay  for  it.  Opinions  are  generally  based  on  an  examination  from  one 
or  other  of  these  standpoints  and  necessarily  result  in  a  wide  difference 
of  opinions.  The  truckman  judges  of  a  pavement  from  the  service  he 
gets  out  of  it,  the  ease  or  difficulty  with  which  he  hauls  his  loads  ;  the 
taxpayer  from  the  points  of  cost  and  durability  ;  the  resident  from  the 
convenience  or  inconvenience  he  enjoys  or  endures  ;  the  physician  from 
the  effects  it  has  upon  the  health  of  his  patients  and  patrons  ;  and  public 
opinion  we  know  to  be  a  jargon  with  a  sound  for  every  one  of  the  multi- 
tudinous business  affairs  of  man.  Probably  no  one  pavement  will  fill  the 
requirements  of  being  serviceable,  economical  and  inoffensive,  though 
some  approximate  nearer  than  others  to  them. 

Serviceable. — A  pavement  for  the  street  under  discussion  should  be  of  a 
firm,  smooth,  regular  surface,  not  entirely  unyielding,  such  as  asphalt 
wood  block  or  burned  clay. 

Economical.— The  pavement  should  be  of  such  first  cost  as  not  to  be 
an  overburden  to  the  property  owner.  The  pavement  that  is  to  be  often 
renewed  may  not  be  necessarily  an  extravagant  one.  A  pavement  cost- 
ing $1.50  per  yard,  and  requiring  renewal  every  ten  years,  is  more 
economical  than  one  costing  three  dollars  per  yard  with  renewal  every 
thirty  years.  That  is,  the  interest  on  the  difference  of  cost  of  the  two 
pavements  will  pay  the  renewal  of  the  cheaper  one.  There  would  be  a 
period  in  the  life  of  either  pavement  of  inconvenience,  just  before  re- 
newal, when  the  pavement  would  be  poor,  but  a  further  comparison  is 
extremely  unfavorable  to  the  longer  lived  pavement,  inasmuch  as  the 
cost  of  its  renewal  is  an  entirely  new  outlay.  I  should  think  that  for  the 
street  under  discussion  the  cheaper  pavement  would  be  the  most  desira- 
ble, unless  it  laj'  in  a  wealthy  city  or  suburb  where  the  property  owners 
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were  in  circumstances  enabling  them  to  consult  their  taste  rather  than 
their  purse  in  the  contemplated  improvement.  However,  I  have  never 
yet  seen  a  whole  street  owned  by  that  class  of  people,  though  individuals 
of  that  class  are  not  infrequently  met. 

The  economical  pavement  is  one  having  moderately  lasting  qualities, 
and  having  a  correspondingly  moderate  cost. 

Inoffensiveness. — Pavements  give  offense  (a)  by  the  presence  of  disease- 
producing  germs,  (b)  making  or  wearing  into  dust,  (c)  giving  rise  to  noise 
in  the  passage  of  vehicles.  The  first  source  of  offense  is  most  serious 
and  should  never  be  overlooked.  When  a  pavement  produces  or  dis- 
tributes disease  germs  it  should  be  at  once  removed  as  a  public  nuisance. 
The  second  source — the  wear  of  a  pavement — the  wear  should  never  be 
so  rapid  as  to  make  the  accumulation  of  dust  or  dirt  on  the  street  from 
that  cause  perceptible.  The  tracking  of  dirt  or  mud  on  pavements  will 
probably  be  as  great  on  one  as  on  another.  The  third  source  is  deter- 
mined by  the  smoothness  of  the  surface  and  the  yielding  qualities  of  the 
materials.  Now  what  pavement  or  pavements  under  the  light  of  these 
statements  would  be  most  acceptable  to  impartial  and  disinterested 
parties  acting  as  judges? 

Let  us  place  them  before  us  in  a  tabulated  form  : 

(A.)  Granite  block  pavement.  Service — Reasonably  good.  Economy 
— High  cost,  but  long  lived.  Inoffensiveness — Noisy,  some  dust,  healtiif ul. 

(B.)  Macadam  with  limestone  surface.  Service— Acceptable.  Economy 
— Moderate  cost,  but  needing  constant  repaiis.  Inoffensiveness — Little 
noise,  dust  intolerable,  healthful. 

(C.)  Macadam,  with  crushed  granite  surface.  Service — Acceptable. 
Economy — Expensive.  Inoffensiveness— Little  noise,  dust  tolerable, 
healthful. 

(D.)  Asphaltum.  Service — Very  good.  Economy — High  cost,  but  not 
long  lived  in  this  cUmate.  Inoffensiveness — Little  noise,  no  dust, 
healthful. 

(E.)  Wood  block.  Service — Very  good.  Economy — Moderate  cost, 
medium  life.  Inoffensiveness— Little  noise,  no  dust,  healthful,  except 
last  year  or  two. 

(F.)  Burned  clay  blocks.  Service — Very  good.  Economy — Moderate 
cost,  long  life.     Inoffensiveness — Little  noise,  little  dust,  healthful. 

As  the  granite  block,  macadam,  and  asphaltum  pavements  would  be 
expensive  on  account  of  first  cost,  the  only  pavements  I  think  we  should 
consider  as  suitable  for  the  street  under  discussion  would  be  wood  block, 
or  tile,  or  burned  clay.  If  stone  is  so  near  the  street  to  be  paved  that 
freight  will  be  trifling,  then  macadam  pavement  would  not  much  exceed 
in  cost  that  of  wood  block  or  burned  clay.  Gravel  streets  I  have  not 
considered,  because  of  the  impossibihty  to  keep  them  clean  at  cross 
unpaved  streets  in  our  soil.  In  removing  the  accumulated  earth  the 
surface  of  the  pavement  is  disturbed,  and  rapid  disintegration  takes 
place,  requiring  expensive  repairs. 

The  wood  block  pavement  will  not  wear  out  on  the  street  under  dis- 
cussion before  it  will  have  to  be  replaced  on  account  of  decay.  The 
white  cedar  block,  of  which  we  have  laid  a  great  deal  in  Springfield,  has 
a  life  on  an  average  of  ten  years  without  expensive  repairs  before  re- 
newal. 
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The  first  cost  of  pavement  is  about  $1.35  per  yard,  everything  included 
It  can  be  replaced  at  $1.20  per  yard,  the  excavation  not  having  to  be 
done.  The  effects  of  the  cedar  block  pavement  on  the  health  of  the  com- 
munity is  not  at  all  injurious  until  decay  has  reduced  the  blocks  in  places 
to  a  mass.  Then  it  is  bad  and  should  be  condemned  and  ordered  re- 
inoved.  The  pavement,  for  two  years  before  renewal,  could  not  be  called 
a  good  pavement  for  traffic  or  light  travel,  and  is  certainly  not  conducive 
to  the  good  health  of  the  residents  thereon.  It  is  not  a  pavement,  there- 
fore, without  objections,  and  cannot  be  fully  recommended  for  the  street 
under  consideration. 

The  burned  clay  pavement  has  many  qualities  very  commendable. 
The  noise  is  comparatively  nothing,  the  pieces  are  so  evenly  joined  that 
friction  or  attrition  is  trifling.  The  pavement  presents  an  even  surface 
and  stands  travel  and  wear  well.  The  cost  is  not  much  in  excess  of  the 
white  ced^r  block,  being  about  $1.60  per  yard  complete.  There  is  no 
decay.  The  healthfulness  of  it  is  unquestioned,  being  such  as  granite  or 
macadam  pavements,  and  the  durability  will  certainly  reach  twenty  or 
more  years  if  the  pavement  be  made  a  piece  of  the  shape  of  common 
brick,  but  if  made  in  forms  more  suitable  for  paving  would  last  much 
longer. 

I  should  think  that  for  a  residence  street  having  little  heavy  travel, 
a  burned  clay  pavement  is  much  to  be  preferred  to  any  other,  con- 
sidering the  service  required,  economy  and  the  inoffensiveness  of  the 
pavement. 

Another  advantage  burned  clay  has  as  a  paving  material  is  that  it  can 
be  produced  in  almost  every  locality,  while  stone,  cedar  blocks  and  asphal- 
tum  have  to  be  shipped  long  distances.  The  advantage  would  be  local 
only,  and  though  the  city  or  community  in  which  the  street  is  would  be 
helped  by  the  additional  business  of  making  and  producing  the  paving 
materials,  that  would  perhaps  be  of  no  financial  consequence  to  the  prop- 
erty owners  who  pay  for  the  pavement. 

When  cities  have  experimented  sufficiently  with  burned  clay  pave- 
ments and  proved  they  may  be  produced  and  laid  in  any  locality  using 
local  labor  and  capital  entirely  in  their  production  then  will  they  come 
into  much  more  popular  favor  and  the  paving  interests  of  smaller  cities 
will  be  greatly  advanced  thereby. 

Mr.  L.  P.  Morehouse  :  Brick  pavements  are  coming  into  considerable  use 
in  the  towns  of  Central  Illinois.  The  city  of  Bloomington,  I  think,  was 
the  pioneer.  I  am  informed  that  streets  laid  there  ten  years  ago  are  still 
in  first-iate  condition.  In  the  city  of  Decatur  I  noticed,  a  few  days  ago, 
that  some  of  the  principal  streets  are  being  paved  with  bricks.  Mr. 
Burgess,  city  engineer,  is  laying  these  pavements  under  the  following 
specifications  : 

"  Said  street  for  a  distance  of feet,  on  each  side  of  the  cen- 
tral line  thereof,  shall  be  excavated  to  the  depth  of  12  inches,  along  the 
central  line  thereof  below  the  established  grade  thereof,  and  at  the  outer 
edges  of  said  street,  where  the  same  is  so  excavated,  on  either  side  thereof 
at  a  distance  of inches  toward  the  centre  of  said  street,  respec- 
tively, to  the  depth  of inches,  the  said  excavation  of  said  street 

to  be  in  the  form  of  a  segment  of  a  circle.    The  portion  of  said  street, 
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between  said inch  lines,  aforesaid,  and  the  outer  edges  of  said 

streets©  excavated,  on  both  sides  thereof,  shall  be  so  graded  and  paved  in 
a  similar  manner  as  the  balance  of  said  street,  so  as  to  make  a  good  and 

substantial  gutter  along  said inch  lines ;  and  when  said  street 

shall  have  been  so  excavated,  there  shall  be  placed  thereon  a  bed  of  sand 
and  gravel  4  inches  in  depth,  said  sand  and  gravel  to  be  well  tamped 
so  as  to  form  a  smooth  and  compact  surface  ;  and  on  said  bed  of  sand 
and  gravel,  so  tamped  and  made  smooth,  shall  be  laid  on  their  flat  sur- 
face, a  close  floor  of  hard  burned,  sound,  and  shapely  paving  brick,  said 
brick  to  be  laid  longitudinally  with  the  street,  and  the  joints  broken  in 
each  course  ;  said  brick  to  be  put  closely  together  so  as  to  form  a  smooth 
and  solid  floor,  no  broken  or  cracked  brick  to  be  used  ;  over 
said  floor  of  brick  so   laid  there  shall  be    placed  a  layer    of    screened 

sand    inch  in    thickness,  so  as  to    fill  all  crevices,  and  made 

smooth,  so  as  to  form  an  even  floor  for  the  subsequent  layer  of  brick  ; 
upon  said  layer  of  sand  so  made  smooth,  there  shall  be  placed  and  laid 
on  their  edges,  in  close  contact  with  each  other,  a  layer  of  extra  hard 
burned  paving  brick,  said  brick  to  be  laid  at  right  angles  with  the  line  of 
said  street,  joints  to  be  broken  in  each  alternate  course,  all  brick  being 
sound  and  of  full  size  ;  after  said  bricks  are  so  laid  a  thin  layer  of 
screened  dry  sand  shall  be  swept  over  said  pavement  so  as  to  fill  all 
crevices  therein,  after  which  a  top  dressing  of  clean  unscreened  gravel, 
not  less  than  1  inch  in  depth,  shall  be  placed  over  the  entire  surface 
of  said  improvement.  There  shall  be  two  cross-walks  at  the  intersection 
of  each  street,  one  on  each  side,  so  as  to  connect  with  the  sidewalks,  of 
the  width  of  6  feet,  to  be  formed  by  an  oval  elevation  across  said  street, 
so  that  the  centre  of  each  cross-walk  will  be  4  inches  below  the  grade  of 
the  sidewalk  with  which  they  connect,  and  slope  to  meet  the  grade  of 
the  street,  and  to  extend  to  a  point  within  4  feet  of  the  outer  edges  of 
said  improvement,  so  that  aprons  may  be  placed  over  the  gutters." 

I  am  in  hopes  that  Mr.  Bell,  of  Bloomington,  will  let  us  hear  from  him 
on  this  question. 

Professor  I.  O.  Baker  :  In  Champaign  we  have  used  the  brick  pave- 
ment for  about  three  years,  and  they  give  excellent  satisfaction. 

Mr.  A.  H.  Bell :  The  question  as  to  the  most  suitable  material  for 
street  paving  in  various  localities  is  one  which  is  the  concern  of  munic- 
ipalities in  all  sections  of  the  country.  So  far  as  the  city  of  Blooming- 
ton,  111.,  is  concerned,  this  question  is  at  rest.  We  have  tried  stone 
blocks,  Nicholson  and  macadam  pavements,  and  still  have  samples  of 
each  from  which  to  draw  our  conclusions  ;  but  the  citizens  of  Blooming- 
ton  are  a  unit  in  favor  of  brick  for  future  street  pavements.  The  rea- 
sons for  this  are  cost,  durability,  lack  of  noise  and  general  satisfaction, 
to  which  might  be  added  the  fact  that  we  produce  the  brick  at  home, 
thus  patronizing  home  industry  and  avoiding  freights.  The  first  piece  of 
brick  pavement  was  laid  here  about  nine  years  ago,  on  the  west  side  of 
the  Court  House  Square.  It  was  laid  under  the  general  specifications 
which  will  be  given  later  on,  and  is  still  down  and  in  very  good  condi- 
tion, having  had  but  very  slight  repairs,  where  excavations  were  made  for 
sewerage  or  other  purposes.  Last  year  there  were  laid  about  9,000  yards 
of  brick  pavement ;  this  year  we  have  laid  probably  12,000  yards.     It 
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presents  a  very  desirable  surface,  and  gives  universal  satisfaction.     No 
complaints  are  brought  against  the  use  of  brick  for  pavements,  so  far  as 
our  experience  goes.     The  pavement  is  easily  kept  clean,  easily  repaired, 
or  removed  for  excavation  purposes  ;  it  is  noiseless  and  pleasant  to  drive 
over  if  properly  laid.     What  was  laid  during  the  present  year  in  Bloom- 
ington  cost  $1.15  per  square  yard  for  the   brick  and  the   laying  of  the 
same  in  the  pavement.     The  city  did  all  grading,  and  furnished  all 
necessary  sand  or  cinders.     The  entire  pavement,  including  all  material, 
grading  of  lawns,  etc.,  also  stone  curbing  (4  inches  by  30  inches),  cost  $3 
per  square  yard.     The  best  paving   brick   in  this  locality  are  quoted  at 
$10  per  M.     Laborers  cost  $1.60  per  day,   teams  $8.25,  and  sand  costs 
80@90c.  per  cubic  yard  delivered  on  the  work.     In  the  business  portion 
of    the    city    we     are    paving     the      entire      street    between      side- 
wallrs ;    in    the    residence    portion    we    pave    from    30    to    36    feet 
in    width,    leaving    the     balance    of    the    street    for    sidewalks    and 
lawns.     The  cross  section   of   the  pavement  is  in  the  shape  of  an  arc, 
with  a  rise  of   6  inches  in  the  centre  (for  36  feet  width),  and  the  stone 
curbing  1  inch  above  the  centre  of  the  pavement,  thus  exposing  7  inches 
of  stone   to  view.     The  drainage  is   provided  for  by   means  of  inlets 
through  the  stone  curbing  into  sewer  pipes  leading  into  the  main   sewer, 
similar  to  the  system  used  at  Springfield,  111.     The  general  construction 
of  our  brick  pavements  is  as  follows  :    The  foundation,  being  brought  as 
nearly  to  the  proper  grade  and   shape  as  possible,  is  thoroughly  rolled 
with  a  roller  weighing  at  least  two  tons  (the  stone  curbing   of   course 
being  previously  set.)    There  is  then  spread  over  the  whole  a  course  of 
about  2  inches  of  cinders,  (gravel  would  do  as  well  I  presume,)  which  is 
thoroughly  rolled  and  compacted,  care  being  taken  at  all  times  to  retain 
the  uniform  shape  and  grade.     This  course  of  cinders  should   be  rolled 
until  it  is  very  compact  and  hard,  and  great  care  should  be  exercised  to 
have  it  in  the  exact  shape  and  form  desired  for  the  surface  of  the 
pavement.     Upon  this  cinder   bed  so  prepared  is  placed  a  course  of  2 
inches  of  sand.     This  is  carefully  gauged  by  means  of  boards  having  the 
proper  convexity,  and  is  the   final  course  for  receiving  the  brick.    A 
course  of  bricks  is  now  laid  on  their  flat  surface,  the  longest  dimensions 
being  in  the  direction  of  the  street  and  care  being  taken  to  break  the 
joints.     It  is  not  necessary  that  the  bricks  in  this  course  should  be  as 
hard  and  tough  as  those  in  the  upper  layer,  as  they  do  not  receive  the 
traffic,  but  only  fulfill  the  purpose  of  a  foundation  for  the  upper  course 
of  bricks,  which  must  be  of  the  hardest  and  toughest  that  can  be  pro- 
cured.    Having  so  placed  a  course  of  bricks  upon  their  flat  surface,  and 
covered  the  same  with  an  inch  of  screened  sand,  the  upper  or  final 
layer   is  laid  across  the  street  upon  their  longest  2-inch  surface ;  care 
being  taken  to  break  joints  as  before,  and  to  place  the  convex  edge  of 
the  brick  up,  where  any  convexity   exists.     The  whole  is  then  covered 
with  sand  (screened),  which  is  continuously  swept  into  the  crevices  and 
rolled  with  a  heavy  roller  (not  less  than  2  tons  being  of  much  service.) 

This  final  rolling  is  of  much  importance  and  will  render  the  surface  of 
the  pavement  as  good  as  any  Nicholson  or  wooden  block  pavement  I  have 
ever  seen  laid,  if  the  other  precautions  mentioned  are  observed,  and  the 
bricks  have  any  degree  of  uniformity.     I  am  a  strong  advocate  of  brick 
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pavements  in  those  sections  of  the  country  where  a  suitable  article  of 
brick  can  be  obtained.  The  durability  of  the  pavement  will  depend 
much  upon  the  quality  of  the  material.  The  bricks  should  be  very  hard 
burnt,  almost  vitrified,  particularly  the  upper  course.  Toughness  and 
tenacity  are  the  desirable  qualifications  to  secure  durability.  I  am  not 
prepared  to  state  how  these  pavements  would  stand  in  the  streets  of 
large  cities,  where  they  would  be  subjected  to  very  heavy  traffic,  but 
even  there  I -believe  they  would  surprise  the  profession  if  constructed 
with  proper  care. 

There  is  so  much  dependent  upon  the  manner  in  which  a  brick  pave- 
ment is  constructed,  that  the  article  has  scarcely  had  a  fair  trial  in  this 
country  as  yet.  We  have  one  street  paved  in  Bloomington,  running  from 
the  Union  Depot  to  the  Court  House,  over  which  there  is  a  great  deal  of 
heavy  traffic,  nearly  all  the  coal  used  in  the  city  being  carried  over  this 
pavement,  besides  a  great  deal  of  heavy  hauling  of  a  general  character. 
This  street  was  paved  early  last  year  and  shows  no  appreciable  signs  of 
wear  as  yet.  Of  course  its  life  has  been  short,  but  if  the  brick  were 
going  to  yield  to  heavy  traffic,  sufficient  time  has  elapsed  to  give  some 
indications,  which  are  not  visible.  The  heaviest  grade  we  have  yet  laid 
brick  on  is  that  of  4  feet  to  the  100  feet.  We  have  experienced  no  trouble 
from  slipping  and  I  believe  they  could  be  satisfactorily  laid  on  much 
heavier  grades. 

Mr.  Wright  :  I  have  had  no  experience  with  brick  pavements,  and 
should  favor  round  cedar  blocks  for  such  a  street,  having  a  light  traffic. 
Such  a  pavement  has  been  laid  in  Chicago  for  97c.  per  square  yard.  It  is 
cheap  in  first  cost  and  durable  under  the  above  conditions.  When  the 
traffic  is  heavy  it  will  last  only  a  short  time.  It  does  not  wear  as  well  as 
13ine  blocks  of  average  quality,  and  in  the  down  town  tracks  of  the  North 
Chicago  City  Railway  new  pine  block  pavement  was  worn  within  six 
months,  requiring  repairs  and  within  eleven  months  an  inch  and  a  half 
had  worn  off,  and  the  entire  pavement  had  to  be  replaced. 

The  durability  of  wooden  pavements  depends  upon  the  amount  of 
traffic,  upon  the  soundness  of  the  wood  used,  upon  the  kind  of  wood, 
upon  the  season  of  year  at  which  it  is  felled,  upon  the  seasoning  of  the 
timber,  upon  the  foundation,  upon  the  care  and  thoroughness  with  which 
it  is  laid,  and  upon  the  condition  in  which  the  surface  of  the  pavement 
is  maintained. 

The  sprinkling  of  the  street  has  much  to  do  with  the  durability  of  the 
wood  pavement.  I  have  seen  adjacent  pieces  of  pavement  where  part  was 
thoroughly  sprinkled  several  times  daily,  remain  sound  and  free  from 
decay  at  least  three  times  as  long  as  that  unsprinkled.  Cedar  block 
pavement  between  the  tracks  of  the  North  Chicago  City  Railway  (jiot  in 
horse  paths)  was  comparatively  sound  at  the  expiration  of  ten  years. 

The  cedar  block  pavement,  possessing  the  advantages  of  noiselessness, 
cheapness,  and  durability,  would  be  my  preference  for  a  suburban  street 
with  light  traffic  ;  but  the  blocks  should  all  be  sound,  well  and  thoroughly 
laid  and  rammed,  and  the  pavement  sprinkled  and  cleaned. 
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BOSTON  SOCIETY  OF  CIVIL   ENGINEERS. 


Boston,  November  17,  1886: — A  regular  meeting  of  the  Boston  Society  of  Civil 
Engineers  was  held  and  called  to  order  at  7:30  p.  m.,  President  G.  L.  Vose  in  the 
chair,  thirty-four  Members  and  five  visitors  present.  The  record  of  the  last 
meeting  was  read  and  approved. 

Messrs.  George  Alexander,  N.  Henry  Crafts,  Joseph  R.  "Worcester,  were  elected 
members  of  this  Society. 

Mr.  George  S.  Morrill  was  proposed  for  membership,  recommended  by  H. 
Manley,  E.  W.  Howe. 

A  memorial  on  the  death  of  Mr.  Ellis  Sylvester  Chesbrough,  prepared  by  the 
committee,  E.  C.  Clarke,  T.  W.  Davis,  W.  H.  Bradley,  was  read  by  the  Secre- 
tary. Professor  G.  F.  Swain  read  a  memorial  on  the  death  of  Professor  William 
Ripley  Nichols. 

A  communication  from  the  American  Society  of  Civil  Engineers  was  read,  re- 
questing an  expression  of  opinion  from  this  Society  on  the  matter  of  proposed 
changes  in  the  organization  of  the  American  Society  in  connection  with  the  sub- 
ject of  local  societies  and  of  sections  or  chapters  of  that  Society,  On  motion  it 
was  voted  :  That  a  committee  of  five,  two  to  be  Members  of  the  American 
Society  be  appointed  by  the  President  to  consider  the  communication  from  the 
American  Society  and  report  at  the  next  regular  meeting.  The  President  ap- 
pointed a  committee  consisting  of  F.  P.  Stearns,  W.  S.  Chaplin,  J.  E.Cheney, 
W.  E.  McClintock,  H.  A.  Carson. 

Mr.  J.  A.  Tilden  read  a  paper  on  Water-Meters. 

Professor  G.  F.  Swain  explained  some  new  points  in  the  calculation  of  bridges. 

lAdjourned.'\  H.  L.  Eaton,  Secretary. 


ENGINEERS'  CLUB  OF  ST.  LOUIS. 


November  17,  1886  :— The  Club  met  at  8:10  p.  m..  President  McMath  in  the 
chair  ;  sixteen  Members  and  two  visitors  present. 

The  minutes  of  last  meeting  were  read  and  approved. 

The  proceedings  of  the  meeting  of  the  Executive  Committee  on  October  30  were 
reported  to  the  Club.  The  Executive  Committee  reported  the  following  pro- 
gramme for  the  year  : 

Nov.  17.  Professor  J.  B.  Johnson,  Earthwork  Computations  by  the  Prismoidal 
Formula. 

Dec.  1.  Chas.  F.  White,  Some  Tests  of  Furnace  EflBciency.  Annual  meeting 
and  reports  of  otRcers. 

Dec.  15.  Prof.  F.  E.  Nipher,  Economic  Co-efficient  of  the  Shunt  Dynamo. 
Announcement  of  result  of  letter  ballot  for  officers . 

Jan.  5,  Prof.  H.  S.  Pritchett,  Result  of  Mexican  Longitude  Determinations. 
T.  T.  Johnson,  Discussion  of  Discharge  Measurements  in  Tunnels  under  Varying 
Heads. 

Jaa.  19.  Dr.  Wellington  Adams,  The  Construction  of  Dynamo-Electric  Machin- 
ery. 
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Feb.  2.  E,  D.  Meier,  Evaporative  Efficiency  of  Boilers. 

Feb.  16.  Robert  Moore,  Water-way  for  Railroad  Culverts. 

March  2.  E.  E.  Furuey,  Compound  Oscillating  Engines. 

March  16.  Edward  Flad,  Oscillations  of  Water  in  Stand-Pipes. 

April  6.  Dr.  C.  M.  Woodward,  Gas  Producers  for  Ordinary  Boilers. 

April  20.  C.  W.  Clark,  Experiments  on  Submerged  Adjutages.  D.  E.  Condon, 
Experimental  Studies  Relating  to  Water  Supply. 

May  4.  J.  W.  Hill,  J.  T.  Monell. 

May  IS.  H^  A.  Wheeler,  Relative  Economy  of  Machine  and  Hand  Drilling. 
Chas.  W  Melcher. 

June  1.  Report  of  Committee  on  Smoke  Prevention,  Prof.  W.  B.  Potter,  Chair- 
man. 

On  motion  the  report  was  adopted. 

The  applications  of  Otis  Breden,  Chas,  W.  Bryan,  Benj.  F.  Crow,  and  Wm.  L. 
Seddon,  for  membership,  were  read  and  laid  before  the  Executive  Committee. 

The  Secretary  read  a  communication  from  the  American  Society  of  Civil  En- 
gineers on  the  subject  of  changes  in  the  organization  of  that  body,  and  inviting 
a  written  communication  from  the  Club  on  that  subject. 

On  motion  it  was  decided  to  refer  the  letter  to  a  committee  of  live,  a  majority 
not  to  be  members  of  the  American  Society  of  Civil  Engineers. 

The  Chair  appointed  on  this  committee  :  J.  B.  Johnson,  H.  W.  Baker,  F.  H. 
Pond,  Wm.  Bouton  and  Robert  Moore. 

The  Chair  stated  reasons  for  delay  in  filling  the  vacancy  in  the  Committee  on 
Smcke  Prevention. 

The  Special  Order  of  the  evening,  a  paper  by  Prof.  J.  B.  Johnson,  was  then 
taken  up. 

The  Chair  called  attention  to  the  fact  that  arrangements  should  be  made  for  the 
annual  meeting  on  Dec.  1. 

On  motion  it  was  decided  that  a  committee  of  five  on  nominations  of  oflBcers 
be  elected  by  ballot.  The  balloting  resulted  in  the  election  of  the  foUowing  com- 
mittee :  S.  B.  Russell,  Robt.  Moore,  Chas.  W.  Melcher,  T.  J.  Whitman,  Wm. 
Bouton . 

[Adjourned.Ji  Wm.  H.  Bryan,  Secretary, 


WESTERN  SOCIETY  OF  ENGINEERS. 


November  2,  1886  :— The  230th  meeting  was  held  at  7:30  p.  m.,  President 
Wright  in  the  chair. 

The  minutes  of  the  preceding  meeting  were  read  and  approved. 

Applications  to  be  admitted  to  membership  were  received  from  Mr,  C.  F. 
Carl  Binder,  Civil  Engineer,  with  W.  G,  Coolidge  &  Co. ,  Chicago  ;  Mr,  Bernhard 
Feind,  Assistant  Engineer  Drainage  and  Water  Supply  Commission,  City  Hall 
Chicago  ;  Mr,  John  Wilson,  Engineer  North  Chicago  Cable  System,  86  Lincoln 
avenue,  Chicago, 

Mr.  Arthur  H.  Bell,  City  Engineer  of  Bloomington,  111.,  was  elected  a  Member. 

The  Secretary  read  a  paper  on  "Street  Pavements  of  Brick,"  by  Mr.  A.  H. 
Bell. 

A  circular  letter  from  the  American  Society  of  Civil  Engineers  was  read,  ask- 
ing communications  from  this  and  other  engineering  societies  on  the  subject  of 
changes  in  the  organization  of  the  American  Society.  It  was  understood  that  the 
changes  had  reference  to  an  organic  union  of  the  other  societies  with  the  Ameri- 
can Society,  and  it  was  voted  that  consideration  of  this  matter  should  be  made  the 
special  business  of  the  next  meeting . 

lAdjourned.]  L.  P.  Morehouse,  Secretary. 
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CIVIL  ENGINEERS'  CLUB  OF  CLEVELAND. 


September  28, 1886  :— Special  meeting  held.    President  Latimer  in  the  chair. 

A  letter  was  read  from  Mr.  Barbot,  City  Engineer  of  Charleston,  S.  C,  to  Mr. 
Latimer,  giving  a  graphic  description  of  the  recent  earthquake,  and  inclosing 
specimens  of  sand  thrown  up  by  volcanic  action. 

Mr.  J.  D.  Varney  read  a  paper  entitled  "  A  Review  of  the  Practice  of  Survey- 
ing in  this  Country."    A  general  description  of  the  paper  followed. 

Mr.  Latimer  gave  some  of  his  recent  experiences  with  the  "  dip  needle." 

lAdjourned.'\  C.  M.  Barber,  Recording  Secretary. 


October  13,  1886  :— Regular  meeting  held.    President  Latimer  in  the  chair. 

Minutes  of  the  last  two  meetings  were  read  and  approved. 

Mr,  Rawson  called  the  attention  of  the  Club  to  the  fact  that  the  election  of 
Professor  Michelson  had  not  been  in  accordance  with  the  rules  of  the  Club,  and 
that  the  matter  might  be  corrected.  Upon  Mr.  Rawson's  motion,  it  was  referred 
to  the  Committee  on  Membership. 

A  letter  was  read  from  the  Technical  Society  of  Chicago,  asking  for  a  list  of 
Members  ;  also  a  letter  from  a  society  in  Germany.  Both  were  referred  to  the 
Corresponding  Secretary  for  answer. 

A  book  entitled  "  Selected  Papers  of  the  Rensselaer  Society  of  Engineers  of 
New  York  "  was  received. 

Mr.  W.  H.  Searles  read  a  paper  entitled  "  Cable  Railways."  Discussion  of  the 
paper  followed. 

lAdjourned.']  C.  M.  Barber,  Recording  Secretary. 


October  26,  1886  :— Special  meeting  held  ;  in  the  absence  of  the  President, 
Vice-President  Swasey  in  the  chair. 

The  report  of  the  Committee  on  Railroad  Engineering  was  in  order;  but  no 
member  of  that  Committee  being  present,  no  report  was  made. 

The  Chair  read  an  article  on  Steel  Ties,  which,  with  the  fall  of  the  water  tower 
at  Gravesend,  formed  the  basis  of  the  discussion  for  the  evening. 

Upon  motion  of  Mr,  Rawson,  the  Chair  appointed  Messrs.  Holloway,  Whitelaw 
and  Hyde  a  committee  to  prepare  and  present  to  the  Club  appropriate  resolu- 
tions upon  the  death  of  Col .  Charles  Whittlesey,  the  first  Honorary  Member  of 
the  Club. 

lAdjourned],  C.  M.  Barber,  Recording  Secretary. 


Editors  repriniivg  artidfsfrom  this  journal  are 
requested  to  credit  both  the  Journal  and  the 
Society  before  ivhich  such  articles  loere  read. 
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7  his  Association,  as  a  body,  is  not  responsible  for  the  subject  matter  of  any  Society,  or 
for  statements  or  opinions  of  any  of  its  members. 


GEORGE  W.  WHISTLER,  C.  E. 


By  Prof,  G.  L.  Vose,  Member  of  the  Boston  Society  of  Civil  Engineers. 

[Read  September  15,  1886.] 


Few  person?,  even  among  those  best  acquainted  with  our  modern  rail- 
road system,  are  aware  of  the  early  struggles  of  the  men  to  whose  fore- 
sight, energy  and  skill  the  new  mode  of  transportation  owes  its  intro- 
duction into  this  country.  The  railroad  problem  in  the  United  States 
was  quite  a  different  one  from  that  in  Europe.  Had  we  simply  copied 
the  railways  of  England  we  should  have  ruined  the  system  at  the  outset, 
for  this  country.  In  England,  where  the  railroad  had  its  origin,  money 
was  plenty,  the  land  was  densely  populated,  and  the  demand  for  rapid 
and  cheap  transportation  already  existed.  A  great  many  short  lines 
connecting  the  great  centres  of  industry  were  required,  and  for  the  con- 
struction of  such  in  the  most  substantial  manner  the  money  was  easily 
obtained.  In  America,  on  the  contrary,  a  land  of  enormous  extent 
almost  entirely  undeveloped,  but  of  great  possibilities,  lines  of  hundreds 
and  even  thousands  of  miles  in  extent  were  to  be  made,  to  connect  citi  is 
as  yet  unborn,  and  to  accommodate  a  future  trafiSc  of  which  no  one  could 
possibly  foresee  the  amount.  Money  was  scarce,  and  in  many  districts 
the  natural  obstacles  to  be  overcome  were  infinitely  greater  than  any 
which  had  presented  themselves  to  European  engineers. 

By  the  sound  practical  sense  and  the  unconquerable  will  of  George 
Stephenson,  the  numerous  inventions  which  together  make  up  the  loco- 
motive engine  had  been  collected  into  a  machine,  which,  in  combina- 
tion with  the  improved  roadway,  was  to  revolutionize  the  transportation 
of  the  world.  The  railroad,  as  a  machine,  was  invented.  It  remained  to 
apply  the  new  invention  in  such  a  manner  as  to  make  it  a  success  and 
not  a  failure.  To  do  this  in  a  new  country  like  America  required  infinite 
skill,  unbounded  energy,  the  most  careful  study  of  local  conditions,  and 
the  exercise  of  well  matured,  sound  business  judgment.  To  see  how  well 
the  great  invention  has  been  applied  in  the  United  States  we  have  only  to 
look  at  the  network  of  iron  roads  which  now  reaches  from  the  Great 
Lakes  to  the  Gulf  of  Mexico,  and  from  the  Atlantic  to  the  Pacific. 

With  all  the  experience  we  have  had,  it  is  not  an  easy  problem,  even  at 
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the  present  tiaie,  to  determine  how  much  money  we  are  authorized  to 
spend  upon  the  construction  of  a  given  railroad.  To  secure  the  utmost 
benefit  at  the  least  outlay,  regarding  both  the  first  cost  of  building  the 
road  and  the  perpetual  cost  of  operating  it,  is  the  railroad  problem  which 
is  perhaps  less  understood  at  the  present  day  than  any  other.  It  was  an 
equally  important  problem  fifty  years  ago,  and  certainly  not  less  difiicult 
at  that  time.  It  was  the  fathers  of  the  railroad  system  in  the  United 
States  who  first  perceived  the  importance  of  this  problem,  and  who, 
adapting  themselves  to  the  new  conditions  presented  in  this  country, 
undertook  to  solve  it.  Among  the  pioneers  in  this  braxch  of  engineering 
no  one  has  done  more  to  establish  correct  methods,  nor  has  left  behind  a 
more  enviable  or  more  enduring  fame  than  Major  George  W.  Whistler. 

The  Whistler  family  is  of  English  origin,  and  is  found  toward  the  end 
of  the  15th  century  in  Oxfordshire,  at  Goring  and  Whitchurch,  on  the 
Thames.  One  branch  of  the  family  settled  in  Sussex,  at  Hastings  and 
Battle,  being  connected  by  marriage  with  the  Websters  of  Battle  Abbey, 
in  which  neighborhood  some  of  the  family  still  live.  Another  branch 
lived  in  Essex,  from  which  came  Dr.  Daniel  Whistler,  President  of  the 
College  of  Physicians  in  London  in  the  time  of  Charles  the  Second.  From 
the  Oxfordshire  branch  came  Ealph,  son  of  Hugh  Whistler,  of  Goring, 
who  went  to  Ireland,  and  there  founded  the  Irish  branch  of  the  family, 
being  the  original  tenant  of  a  large  tract  of  country  in  Ulster,  under  one 
of  the  guilds  or  public  companies  of  the  city  of  London.  From  this 
branch  of  the  family  came  Major  John  Whistler,  father  of  the  dis- 
tinguished engineer,  and  the  first  representative  of  the  family  in 
America.  It  is  stated  that  in  some  youthful  freak  he  ran  away 
and  enlisted  in  the  British  Army.  It  is  certain  that  he  came  to 
this  country  during  the  Revolutionary  War,  under  General  Bur- 
goyne,  and  remained  with  his  command  until  its  surrender  at 
Saratoga,  when  he  was  taken  prisoner  of  war.  Upon  his  return  to  Eng- 
land he  was  honorably  discharged,  and,  soon  after,  forming  an  attach- 
ment for  a  daughter  of  Sir  Edward  Bishop,  a  friend  of  his  father,  he 
eloped  with  her,  and  came  to  this  country,  settling  at  Hagerstown,  in 
Maryland.  He  soon  after  entered  the  army  of  the  United  States,  and 
served  in  the  ranks,  being  severely  wounded  in  the  disastrous  campaign 
against  the  Indians  under  Major  General  St.  Clair  in  the  year  1791.  He 
was  afterward  commissioned  as  lieutenant,  rose  to  the  rank  of  captain, 
and  later  had  the'  brevet  of  major.  At  the  reduction  of  the  army  in  1815, 
having  already  two  sons  in  the  service,  he  was  not  retamed  ;  but  in 
recognition  of  his  honorable  record,  he  was  appointed  Military  Store- 
keeper at  Newport,  Kentucky,  from  which  post  he  was  afterward  trans- 
ferred to  Jefferson  Barracks,  where  he  lived  to  a  good  old  age. 

Major  John  Whistler  had  a  large  family  of  sons  and  daughters,  among 
whom  we  may  note  particularly  William,  who  became  a  colonel  in  the 
United  States  Army,  and  who  died  at  Newport,  Ky.,  in  1863;  John,  a 
lieutenant  in  the  army,  who  died  of  wounds  received  in  the  battle  of 
Maguago,  near  Detroit,  in  1812  ;  and  George  Washington,  the  subject  of 
our  sketch.  Major  John  Whistler  was  not  only  a  good  soldier,  and 
highly  esteemed  for  his  military  services,  but  was  also  a  man  of  refined 
tastes  and  well  educated,  being  an  uncommonly  good  linguist  and  espe- 
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cially  noted  as  a  fine  musician.  In  his  family  be  is  stated  to  have  united 
firmness  with  tenderness,  and  to  have  impressed  upon  his  children  the 
importance  of  a  faithful  and  thorough  performance  of  duty  in  what- 
ever position  they  should  be  placed. 

George  Washington  Whistler,  the  youngest  son  of  Major  John  Whistler, 
was  born  on  the  19th  of  May  in  the  year  1800  at  Fort  Wayne  in  the  pres- 
ent State  of  Indiana,  but  then  part  of  the  Northwest  Territory,  his  father 
being  at  the-time  in  command  of  that  post.  Of  the  boyhood  of  Whistler, 
we  have  no  record,  except  that  he  followed  his  parents  from  one  military 
station  to  another,  receiving  his  early  education  for  the  most  part  at  New- 
port, Ky.,  from  which  place,  on  July  31,  1814,  he  was  appointed  a  cadet 
to  the  United  States  Military  Academy,  being  then  fourteen  years  of  age. 

The  course  of  the  student  at  West  Point  was  a  very  satisfactory  one. 
Owing  to  a  change  in  the  arrangement  of  classes  after  his  entrance,  he 
had  the  advantage  of  a  longer  term  than  had  been  given  to  those  who 
preceded  him,  remaining  five  years  under  instruction.  His  record  during 
his  student  life  was  good  throughout.  In  a  class  of  thirty  members  he 
stood  No.  1  in  drawing,  No.  4  in  descriptive  geometry.  No.  5  in  drill.  No. 
11  in  philosophy  and  in  engineering,  No.  12  in  mathematics  and  No.  10 
In  general  merit.  He  was  remarkable,  says  one  who  knew  him  at  this 
time,  for  his  frank  and  open  manner  and  for  his  pleasant  and  cheerful 
disposition.  A  good  story  is  told  of  the  young  cadet  which  shows  his 
ability,  even  at  this  time,  to  make  the  best  of  circumstances  apparently 
untoward,  and  to  turn  to  his  advantage  his  surroundings,  whatever  they 
might  be.  Having  been  for  some  slight  breach  of  discipline  required  to 
bestride  a  gun  in  the  campus  for  a  short  time,  he  saw,  to  his  dismay, 
coming  down  the  walk  the  beautiful  daughter  of  Dr.  Foster  Swift,  a 
young  lady  who,  visiting  West  Point,  had  taken  the  hearts  of  the 
cadets  by  storm,  and  who,  little  as  he  may  at  the  time  have  dreamed  it, 
was  destined  to  become  his  future  wife.  Pulling  out  his  handkerchief  he 
bent  over  his  gun,  and  appeared  absorbed  in  cleaning  the  most  inaccessible 
parts  of  it  with  such  vigor  as  to  be  entirely  unaware  that  any  one  was 
passing  ;  nor  did  the  young  lady  dream  that  a  case  of  discipline  had  been 
before  her  until  in  after  years,  when  on  a  visit  to  West  Point  an  explana- 
tion was  made  to  her  by  her  husband. 

It  was  at  this  time  of  his  life  that  the  refinement  and  taste  for  which 
Major  Whistler  was  ever  after  noted  began  to  show  itself.  An  accom- 
plished scientific  musician  and  performer,  he  gained  a  reputation  in  this 
direction  beyond  tbat  of  a  mere  amateur,  and  scarcely  below  that  of 
the  professionals  of  the  day.  His  sobriquet  of  "Pipes,"  which  his  skill 
upon  the  flute  at  this  time  gave  him,  adhered  to  him  through  life  among 
his  intimates  in  the  army.  His  skill  with  the  pencil,  too,  was  something 
phenomenal,  and  would,  had  not  more  serious  duties  prevented,  made 
him  as  noted  an  artist  as  he  was  an  engineer.  Fortunately  for  the  world 
this  talent  descended  to  one  of  his  sons,  and  in  his  hands  has  had  fuF 
development.  These  tastes  in  Major  Whistler  appeared  to  be  less  the 
results  of  study  than  the  spontaneous  outgrowth  of  a  refined  and  delicate 
organization,  and  so  far  constitutional  with  him  that  they  seemed  to 
tinge  his  entire  character.  They  continued  to  be  developed  till  past  the 
meridian  of  life,  and  amid  all  the  pressure  of  graver  duties  furnished  a 
most  delightful  relaxation. 
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Upon  completing  his  course  at  the  Military  Academy  he  was  graduated, 
July  1,  1819,  and  appointed  second  lieutenant  in  the  corps  of  artillery. 
From  Wiis  date  until  1821  he  served  part  of  the  time  on  topographical  duty, 
and  part  of  the  time  he  was  in  garrison  at  Fort  Columbus.  From  Novem- 
ber 2,  1821,  to  April  30.  1822,  he  was  assistant  professor  at  the  Military 
Academy,  a  position  for  which  his  attainments  in  descriptive  geometry 
and  bis  skill  in  drawing  especially  fitted  him.  This  employment,  how- 
ever, was  not  altogether  to  his  taste.  He  was  too  much  of  an  artist  to 
wish  to  confine  himself  to  the  mechanical  methods  needed  in  the  train- 
ing of  engineering  students.  In  1822,  although  belonging  to  the  artillery, 
he  was  detailed  on  topographical  duty  under  Major  (afterwards  Colonel) 
Abert,  and  was  connected  with  the  commission  employed  in  tracing  the 
international  boundary  between  Lake  Superior  and  the  Lake  of  the 
Woods.  This  work  continued  four  years,  from  1822  to  1826,  and 
subsequent  duties  in  the  cabinet  of  the  commission  employed 
nearly  two  years  more.  The  field  service  of  this  engagement  was  any- 
thing but  light  work,  much  of  it  being  performed  in  the  depth  of  win- 
ter with  a  temperature  fifty  degrees  below  zero.  The  principal  food  of 
the  party  was  tallow  and  some  other  substance,  which  was  warmed  over 
a  fire  6n  stopping  at  night.  The  snow  was  then  removed  to  a  sufl8.cient 
depth  for  a  bed,  and  the  party  wrapped  one  another  up  in  their  buffalo 
robes,  until  the  last  man's  turn  came,  when  he  had  to  wrap  himself  up 
the  best  he  could.  In  the  morning,  after  warming  their  food  and  eating, 
the  remainder  was  allowed  to  harden  in  the  pan,  a^ter  which  it  was  car- 
ried on  the  backs  of  men  to  the  next  stopping  place.  The  work  was  all 
done  upon  snow-shoes,  and  occasionally  a  man  became  so  blinded  by  the 
glare  of  the  sun  upon  the  snow  that  he  had  to  be  led  by  a  rope. 

Upon  the  1st  of  June,  1821,  Whistler  was  made  second  lieutenant  in 
the  First  Artillery,  in  the  re-organized  army  ;  on  the  16th  of  August, 
1821.  he  was  transferred  to  the  Second  Artillery,  and  on  the  16th  of 
August,  1829,  he  was  made  fiirst  lieutenant.  Although  belonging  to 
the  artillery,  he  was  assigned  to  topographical  duty  almost  continually 
until  December  31st,  1833,  when  he  resigned  his  position  in  the  army.  A 
large  part  of  his  time  during  this  period  was  spent  in  making  surveys, 
plans  and  estimates  for  public  works,  not  merely  those  needed  by  the 
National  Government,  but  others  which  were  undertaken  by  chartered 
companies  in  different  parts  of  the  United  States.  There  were  at  that 
time  very  few  educated  engineers  in  the  country,  beside  the  graduates 
of  the  Military  Academy  ;  and  the  army  engineers  were  thus  frequently 
applied  for,  and  for  several  years  government  granted  their  services. 

Prominent  among  the  early  works  of  internal  improvement  was  the 
Baltimore  &  Ohio  Railroad,  and  the  managers  of  this  undertaking  had 
been  successful  in  obtaining  the  services  of  several  officers  who  were 
then  eminent,  or  who  afterwards  became  so.  The  names  of  Dr.  How- 
ard, who,  though  not  a  military  man,  was  attached  to  the  Corps  of 
Engineers,  of  Lieut. -Col.  Long,  and  of  Capt.  William  Gibbs  McNeill 
appear  in  the  proceedings  of  the  company  as  "  Chiefs  of  Brigade,"  and 
those  of  Fessenden,  Gwynne  and  Trimble  among  the  assistants. 

In  October,  1828,  this  company  made  a  special  request  for  the  services 
of  Lieutenant  Whistler.      The  directors  had  resolved  on  sending  a  depu- 
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tation  to  England  to  exatniae  the  railroads  of  that  country,  and  Jona- 
than Knight,  Wilham  Gibbs  McNeill  and  George  W.  Whistler  were 
selected  for  this  duty.  They  were  also  accompanied  by  Ross  Winans, 
whose  fame  and  fortune  together  with  those  of  his  sons,  became  so  widely 
known  afterw^ards  in  connection  with  the  great  Russian  railway.  Lieu- 
tenant Whistler,  says  one  who  knew  him  well,  was  chosen  for  this  ser- 
vice on  account  of  his  remarkable  thoroughness  in  all  the  details  of  his 
profession,  as  well  as  for  his  superior  qualifications  in  other  respects.  The 
party  left  tiiis  country  in  November,  1828,  and  returned  in  May,  1829. 

In  the  course  of  the  following  year  the  organization  of  the  Baltimore 
&  Ohio  Railroad,  a  part  of  which  had  already  been  constructed  under 
the  immediate  personal  supervision  of  Lieutenant  Whistler,  assumed  a 
more  permanent  form,  and  allowed  the  military  engineers  to  be  trans- 
ferred to  other  undertakings  of  a  similar  character.  Accordingly,  in 
June,  1830,  Captain  McNeill  and  Lieutenant  Whistler  were  sent  to  the 
Baltimore  &  Susqehanna  Railroad,  for  which  they  made  the  preliminary 
surveys  and  a  definite  location,  and  upon  which  they  remained  until  about 
twenty  miles  were  completed,  when  a  lack  of  funds  caused  a  temporary 
suspension  of  the  w^ork.  In  the  latter  part  of  1831  Whistler  went  to 
New  Jersey  to  aid  in  the  construction  of  the  Paterson  &  Hudson  River 
Railroad  (now  a  part  of  the  Erie  Railway).  Upon  this  work  he  remained 
until  1838,  at  which  time  he  moved  to  Connecticut  to  take  charge  of  the 
location  of  the  railroad  from  Providence  to  Stonington,  a  line  which  had 
been  proposed  as  an  extension  of  that  already  in  process  of  construction 
from  Boston  to  Providence. 

In  this  year,  December  31,  1833,  Lieut.  Whistler  resigned  his  commis- 
sion in  the  army,  and  this  not  so  much  from  choice  as  from  a  sense  of 
duty.  Hitherto  his  work  as  an  engineer  appears  to  have  been  more  an 
employment  than  a  vocation.  He  carried  on  his  undertakings  diligently, 
as  it  was  his  nature  to  do,  but  without  much  anxiety  or  enthusiasm;  and 
he  was  satisfied  in  meeting  dilficulties  as  they  came  up,  with  a  sufficient 
solution.  Henceforward  he  handled  his  profession  from  a  love  of  it.  He 
labored  that  his  resources  against  the  difficulties  of  matter  and  space 
should  be  overabundant,  and  if  he  had  before  been  content  with  the  sure- 
footed facts  of  observation,  he  now  added  the  luminous  aid  of  study. 
How  luminous  and  how  sure  these  combined  became,  his  later  works 
show  best. 

In  1834  Mr.  Whistler  accepted  the  position  of  engineer  to  the  proprie- 
tors of  locks  and  canals  at  Lowell.  This  position  gave  him  among 
other  things  the  direction  of  the  machine  shops  which  had  been  made 
principally  for  the  construction  of  locomotive  engines.  The  Boston  & 
Lowell  Railroad,  which  at  this  time  was  in  process  of  construction,  had 
imported  a  locomotive  from  the  works  of  George  and  Robert  Stephen- 
son, at  Newcastle,  and  this  engine  was  to  be  reproduced,  not  only  for 
the  use  of  the  LovvtU  road,  but  for  other  railways  as  well,  and  to  this 
work  Major  Whistler  gave  a  large  part  of  his  time  from  1834  to  1837. 
The  making  of  these  engines  illustrated  those  features  in  his  character 
which  then  and  ever  after  were  of  the  utmost  value  to  those  he  served. 
It  showed  the  self-denial  with  which  he  excluded  any  novelties  of 
his  own,  the  caution  with  which  he  admitted  those  of   others,   and   the 
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judgment  which  he  exercised  in  selecting  and  combining  the  most  meri- 
torious of  existing  arrangements.  The  preference  which  he  showed  for 
what  was  simple  and  had  been  tried  did  not  arise  from  a  want  of  origin- 
ality, as  he  had  abundant  occasion  to  show  during  the  whole  of  his 
engineering  life.  He  was,  indeed,  uncommonly  fertile  in  expedients,  as 
all  who  knew  him  testify,  and  the  greater  the  demand  upon  his  original- 
ity the  higher  did  he  rise  to  meet  the  occasion.  The  time  spent  in  Lowell 
was  not  only  to  the  great  advantage  of  the  company,  but  it  increased 
also  his  own  stores  of  mechanical  knowledge,  and  in  a  direction,  too, 
which  in  later  years  was  of  especial  value  to  him. 

In  1837  the  condition  of  the  Stonington  Railroad  became  such  as  ta 
demand  the  continual  presence  and  attention  of  the  engineer.  Mr» 
Whistler  therefore  moved  to  Stonington,  a  place  to  which  he  became 
much  attached,  and  to  which  he  seems  during  all  of  his  wanderings  to 
have  looked  with  a  view  of  making  it  finally  his  home.  While  engaged 
upon  the  above  road  he  was  consulted  in  regard  to  many  other  under- 
takings in  different  parts  of  the  country,  and  prominent  among  these 
was  the  Western  Railroad  of  Massachusetts. 

This  great  work,  remarkable  for  the  boldness  of  its  engineering,  was 
to  run  from  Worcester  through  Springfield  and  Pittsfield  to  Albany.  To 
surmount  the  high  lands  dividing  the  waters  of  the  Connecticut  from 
those  of  the  Hudson  called  for  engineering,  cautious  and  skillful,  as  well 
as  heroic.  The  line  fiom  Worcester  to  Springfield,  though  apparently 
much  less  formidable,  and  to  one  who  now  rides  over  the  road  showing 
no  very  marked  features,  demanded  hardly  less  study,  as  many  as 
twelve  several  routes  having  been  examined  between  Worcester  and 
Brookfield.  To  undertake  the  solution  of  a  problem  of  so  much  impor- 
tance required  the  best  of  engineering  talent,  and  we  find  associated,  on 
this  work  the  names  of  three  men,  who,  in  the  early  railroad  enterprises 
of  this  country  stood  deservedly  in  the  front  rank  :  George  W.  Whistler^ 
William  Gibbs  McNeill,  and  William  H.  Swift.  McNeill  had 
graduated  from  the  Military  Academy  in  1817,  and  rose  to  the 
rank  of  major  in  the  Topographical  Engineers.  Like  Whistler,  he  had 
been  detailed  to  take  charge  of  the  design  and  construction  of  many 
works  of  internal  improvement  not  under  the  direction  of  the  General 
Government.  These  two  engineers  exercised  an  influence  throughout 
the  country  for  many  years  much  greater  than  that  of  any  others. 
Indeed  there  were  very  few  works  of  importance  undertaken  at  that  time 
in  connection  with  which  their  names  do  not  appear.  This  alliance  was 
further  cemented  by  the  marriage  between  Whistler  and  McNeill's  sister. 
Capt.  William  H.  Swift  had  also  graduated  from  the  Military  Academy, 
and  had  already  shown  marked  ability  as  an  engineer.  Such  were  the 
men  who  undertook  the  location  and  construction  of  the  railroad  which 
was  to  surmount  the  highlands  between  the  Connecticut  and  the  Hudson, 
and  to  connect  Boston  with  the  Great  West. 

The  early  reports  of  these  engineers  to  the  directors  of  the  Western 
Railroad  show  an  exceedingly  thorough  appreciation  of  the  complex 
problem  presented  to  them,  and  a  much  better  understanding  of  the 
principles  involved  in  establishing  the  route  than  seems  to  have  been 
shown  in  many  far  more  recent  works.     In  these  early  reports  made  in 
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1836  and  1837,  we  find  elaborate  discrfesions  as  to  the  power  of  the  loco- 
motive engine,  and  a  recognition  of  the  fact  that  in  comparing  different 
lines  we  must  regard  the  plan  as  well  as  the  profile,  ''  as  the  resistance 
from  curves  on  a  level  road  may  even  exceed  that  proauced  by  gravity 
on  an  incline  ;"  and  in  one  place  we  find  the  ascents  "  equated  at  18  feet, 
the  slope  which  requires  double  the  power  needed  on  a  level  road," 
resulting  in  a  "  virtual  increased  We  find  also  a  very  clear  expression 
of  the  face  that  an  increased  expenditure  in  the  power  needed  to  operate 
the  completed  road  may  overbalance  a  considerable  saving  in  first  cost. 
To  bear  this  principle  in  mind,  and  at  the  same  time  to  work  in  accord- 
ance with  the  directors'  ideas  of  economy,  in  a  country  where  the  rail- 
road was  regarded  very  largely  as  an  experiment,  was  by  no  means  an 
easy  task.  The  temptation  to  make  the  first  cost  low  at  the  expense  of 
the  quality  of  the  road  in  running  up  the  valley  of  Westfield  River  was 
very  great,  and  the  directors  were  at  one  time  very  strongly  urged  to 
make  an  exceedingly  narrow  and  crooked  road  west  of  Springfield  ;  but 
Major  Whistler  so  convinced  the  President,  Thomas  B.  Wales,  of  the 
folly  of  such  a  course,  that  the  latter  declared,  with  a  most  emphatic 
prefix,  that  he  would  have  nothing  to  do  wiih  such  a  two-penny  cow- 
path,  and  thus  prevented  its  adoption. 

Air.  Whistler  had  many  investigations  to  make  concerning  the  plans 
and  policy  of  railroad  companies  at  a  time  when  almost  everything  con- 
nected with  them  was  comparatively  new  and  untried.  When  he  com- 
menced, there  was  no  passenger  railroad  in  the  country,  and  but  very 
few  miles  of  quarry  and  mining  track.  If  at  that  time  an  ascent  of 
more  than  1  in  200  was  required,  it  was  thought  necessary  to  have 
inclined  planes  and  stationary  power.  It  was  supposed  that  by  frequent 
relays  it  would  be  possible  to  obtain  for  passenger  cars  a  speed  of  eight 
or  nine  miles  an  hour.  Almost  nothing  was  known  of  the  best  form  for 
rails,  of  the  construction  of  the  track  or  of  the  details  for  cars  or  engines. 
In  all  of  these  things  Major  Whistler's  highly  gifted  and  well  balanced 
mind  enabled  him  to  judge  wisely  for  his  employers,  and  to  practice  for 
them  the  truest  economy. 

Major  Whistler's  employment  upon  the  Western  Railroad  began  while 
he  was  still  engaged  upon  the  Stonington  line.  In  connection  with  his 
friend  McNeill  he  acted  as  consulting  engineer  for  the  Western  road 
from  1836  to  1840.  From  1840  to  1842  he  was  its  Chief  Engineer,  with 
his  headquarters  at  Springfield.  The  eteep  grades  west  of  the  Connecti- 
cut presented  not  only  a  difficult  problem  in  location  and  construction, 
but  in  locomotive  engineering  as  well.  At  the  present  day  we  can  order 
any  equipment  which  may  best  meet  the  requirement  upon  any  railroad, 
and  the  order  will  be  promptly  met  by  any  one  of  our  great  manufact- 
ories ;  but  in  the  early  days  of  the  Western  Railroad  it  was  far  other- 
wise, and  the  locomotive  which  should  successfully  and  economically 
operate  the  hitherto  unheard-of  grade  of  over  80  feet  to  the  mile  was 
yet  to  be  seen.  The  Messrs.  Winans,  of  Baltimore,  had  built  some  non- 
descript machines,  which  had  received  the  name  of  "crabs,"  and  had 
tried  to  make  them  work  upon  the  Western  road  ;  but  after  many 
attempts  they  were  given  up  as  unfit  for  such  service. 

These  "crabs"  were  eight-wheelel  engines,  weighing  about  20  tons, 
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with  a  vertical  boiler.  The  wheels  were  3|  feet  in  diameter,  but  the 
engine  worked  on  to  an  intermediate  shaft,  which  was  connected  with 
the  driving:  axle  in  such  a  way  as  to  get  the  effect  of  a  five-foot  wheel. 
These  engines  did  not  impress  Major  Whistler  at  all  favorably  ;  and  it  is 
related  that  one  Sunday  the  watchman  in  charge  of  the  building  in 
which  some  of  them  were  kept,  hearing  some  one  among  the  engines, 
went  in  quietly,  and  overheard  Major  Whistler,  apparently  conversing 
with  the  "  crab."  and  saying:  "  No,  you  miserable,  top-heavy,  lop-sided 
abortion  of  a  grasshopper,  you'll  never  do  to  haul  the  trains  over  this 
road."  His  experience  in  Lowell  was  here  of  great  value  to  him,  and  he 
had  become  convinced  that  the  engine  of  George  Stephenson  was  in  the 
main  the  coming  machine,  and  needed  but  to  be  properly  proportioned 
and  of  sufficient  size  to  meet  every  demand. 

With  Major  Whistler's  work  upon  the  Western  Railroad  his  engineer 
ing  service  in  this  country  concluded,  and  that  by  an  occurrence  which 
marked  him  as  the  foremost  railroad  engineer  of  his  time.  Patient, 
indefatigable,  cautious,  remarkable  for  exhaustless  resource,  admirable 
judgment  and  the  highest  engineering  skill,  he  had  begun  with  the 
beginning  of  the  railroad  system,  and  had  risen  to  the  chief  control  of 
one  of  the  greatest  works  in  the  world,  the  Western  Railroad  of  Massa- 
chusetts. Not  only  had  he  shown  the  most  far-sighted  wisdom  in  fixing 
the  general  features  of  this  undertaking,  but  no  man  surpassed  him,  if, 
indeed,  any  one  equaled  him,  in  an  exact  and  thorough  knowledge  of 
technical  details.  To  combine  the  various  elements  in  such  a  manner  as 
to  produce  the  greatest  commercial  success,  and  to  make  the  raih-oad  in 
the  widest  sense  of  the  word  a  public  improvement,  never  forgetting  the 
amount  of  money  ?it  his  disposal,  was  the  problem  he  had  undertaken  to 
Bolve.  He  had  proved  himself  a  great  master  in  his  profession,  and  had 
shown  how  well  fitted  he  was  to  grapple  with  every  diflSculty.  He  was 
equally  a  man  of  science  and  a  man  of  business  ;  and  to  all  this  he  added 
the  most  delicate  sense  of  honor  and  the  most  siDotless  integrity.  He  was 
in  the  prime  of  manhood,  and  was  prepared  to  enter  upon  the  great  work 
of  his  life. 

It  was  not  long  after  the  introduction  of  the  railroad  that  intelligent 
persons  saw  very  [)lainly  that  the  new  mode  of  transportation  was  not 
to  be  confined  to  the  working  of  an  already  established  traffic,  in  densely 
populated  regions,  but  that  it  would  be  of  equal  service  in  awakening 
the  energies  of  uhdeveloped  countries,  in  bringing  the  vast  interior 
regions  of  the  continents  into  communication  with  the  seaboard,  in  open- 
ing markets  to  lands  which  before  were  beyond  the  reach  of  commerce  ; 
and  it  was  seen,  too.  that  in  event  of  war,  a  new  and  invaluable  element 
had  been  introduced,  viz.,  the  power  of  transportation  to  an  extent  never 
before  imagined. 

Especially  were  these  advantages  foreseen  in  the  vast  empire  of  Russia, 
and  an  attempt  was  very  early  made  to  induce  private  capitalists  to 
undertake  the  construction  of  the  lines  contemplated  in  that  country. 
The  Emperor,  besides  guaranteeing  to  the  shareholders  a  minimum 
profit  of  four  per  cent.,  proposed  to  give  them,  gratuitously,  all  the  lands 
of  the  State  through  which  the  lines  should  pass,  and  to  place  at  their 
disposal,  also  gratuitously,  the  timber  and  raw  materials  necessary  for 
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the  way  and  works  which  might  be  found  upon  the  g:round.  It  was 
further  proposed  to  permit  the  importation  of  rails  and  of  the  rolling- 
stock  free  of  duty.  Russian  proprietors  also  came  forward  and  not  only 
agreed  to  grant  such  portions  of  their  land  as  the  railroads  might  pass 
through,  gratuitously,  but  further  to  dispossess  themselves  temporarily 
of  their  serfs,  and  surrender  them  to  the  use  of  the  companies,  on  the 
?ole  condition  that  they  should  be  properly  supported  while  thus  employed. 

With  regard  to  the  great  line,  however,  which  was  to  unite  the  two 
capitals,  St.  Petersburg  and  Moscow,  it  was  decreed  that  this  should  be 
made  exclusively  at  the  expense  of  the  State,  in  order  to  retain  in  the 
hands  of  the  government  and  in  the  general  interiest  of  the  people  a  line 
of  communication  so  important  to  the  industry  and  the  internal  com- 
merce of  the  country.  The  local  proprietors  agreed  to  surrender  to  the 
government,  gratuitously,  the  lands  necessary  for  this  line. 

It  was  very  early  understood  that  the  railroad  problem  in  Russia  was 
much  more  analogous  to  that  in  the  United  States  than  to  that  in  Eng- 
land. The  Emperor,  therefore,  in  1839,  sent  the  Chevalier  De  Gerstner  to 
the  United  States  to  obtain  information  concerning  the  railroads  of  this 
country.  It  was  this  person  who  obtained  from  the  Emperor  the  con- 
cession for  the  short  railway  from  St.  Petersburg  to  Zarskoe  Selo.  which 
had  been  opened  in  1837,  and  who  had  also  made  a  careful  reconnois- 
sance  in  1835  for  a  line  from  St.  Petersburg  to  Moscow,  and  had  very 
strongly  urged  its  construction  on  the  American  plan.  The  more  De 
Gerstner  examined  our  roads,  the  more  impressed  he  was  with  the  fit- 
ness of  what  he  termed  the  American  system  of  building  and  operating 
railroads,  to  the  needs  of  the  Empire  of  Russia.  In  one  of  his  letters, 
in  explaining  the  causes  of  the  ch^ap  construction  of  American  rail- 
roads, after  noting  the  fact  that  labor  as  well  as  material  is  much 
dearer  in  America  than  in  Europe,  he  refers  to  the  use  of  steep 
grades  (93  feet  to  the  mile)  and  sharp  curves  (600  feet  radius)  upon 
which  the  American  equipment  works  easily,  to  the  use  of  labor- 
saving  machinery,  particularly  to  a  steam  excavating  machine  upon 
the  railroad  between  Worcester  and  Springfield,  and  to  the  Ameri- 
can system  of  wooden  bridge  building,  and  says  :  "  The  superstruc- 
ture of  the  railroads  in  America  is  made  conformable  to  the  expected 
traffic,  and  costs  therefore  more  or  less  accordingly  ;"  and  he  concludes, 
"  considering  the  whole,  it  appears  that  the  cheapness  of  the  American 
railroads  has  its  foundation  in  the  practical  sense  which  predominates  in 
their  construction."'  Again,  under  the  causes  of  the  cheap  management 
of  the  American  roads,  he  notes  the  less  expensive  administratioo 
service,  the  low  rate  of  speed,  the  use  of  the  eight-wheeled  cars  and  the 
four-wheeled  truck  under  the  engines,  and  concludes,  "  In  my  opmion 
it  wuuld  be  of  great  advantage  for  every  railroad  company  in  Europe  to 
procure  at  least  one  such  train"  (as  those  used  in  America).  '"  Those 
companies,  however,  whose  works  are  yet  under  construction  I  can 
advise  with  the  fullest  conviction  to  procure  all  their  locomotive  engines 
and  tenders  from  America,  and  to  construct  their  cars  after  the  Ameri- 
can model." 

Notwithstanding  this  report,  the  suggestions  of  De  Gerstner  were  not 
at  once  accepted.     The  magnitude  of  the  enterprise  would  not  admit  of 
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taking  a  false  step.  Further  evidence  was  needed,  and  accordingly  it 
was  decided  to  send  a  coQimittee  of  engineer  officers  to  various  countries 
in  Europe,  and  to  the  United  States,  to  select  such  a  system  for  the  road 
and  its  equipment  as  would  be  best  adapted  to  Russia.  These  officers. 
Colonels  Melnikoff  and  Kroftt,  not  only  reported  in  the  most  decided 
manner  in  favor  of  the  American  methods,  but  also  stated  that  of  all 
persons  with  whom  they  had  communicated  no  one  had  given  them 
such  full  and  satisfactory  information  upon  all  points,  or  had  so  im- 
pressed them  as  possessing  extraordinary  ability,  as  Major  George  W. 
Whistler.  This  led  to  his  receiving  an  invitation  from  the  Emperor  to 
go  to  Russia  and  become  consulting  engineer  for  the  great  road  which 
was  to  connect  the  imperial  city  upon  the  Baltic  with  the  ancient  capital 
of  the  Czars. 

When  we  consider  the  magnitude  of  the  engineering  works  with 
which  the  older  cciuntries  abound,  we  can  but  regard  with  a  feeling  of 
pride  the  fact  that  an  American  should  have  been  selected  for  so  high  a 
trust,  by  a  European  government  possessing  every  opportunity  and 
means  for  securing  the  highest  professional  talent  which  the  world  could 
offer.  Nor  should  it  be  forgotten  that  the  selection  of  our  countryman 
did  not  arise  from  any  necessity  which  the  Rufsian  Government  felt  for 
obtaining  professional  aid  from  abroad,  growing  out  of  a  lack  of  the 
requisite  material  at  home.  On  the  contrary,  the  engineers  of  the  Rus- 
sian service  are  perhaps  the  most  accomplished  body  of  men  to  be  found 
in  any  country.  Selected  in  their  jouth,  irrespective  of  any  artificial 
advantages  of  birth  or  position,  but  for  having  a  genius  for  such  work, 
and  trained  to  a  degree  of  excellence  in  all  of  the  sciences  unsurpassed  in 
any  country,  they  stand  deservedly  in  the  front  rank.  Such  was  the 
body  of  men  with  whom  Major  Whistler  was  called  to  co-operate,  and 
whose  professional  duties,  if  not  directed  specially  by  him,  were  to  be 
controlled  by  his  judgment. 

Accepting  the  position  offered  to  him  in  so  flattering  a  manner,  he 
sailed  for  St.  Petersburg  about  mid-summer  in  1842,  being  accompanied 
on  his  voyage  by  Major  Bouttattz,  of  the  Russian  Engineer  Corps,  who 
had  been  sent  to  this  country  by  the  Emperor  as  an  escort.  Arriving  in 
St.  Petersburg,  and  having  learned  the  general  character  of  the  proposed 
work,  he  traveled,  partly  by  horse  and  partly  on  foot,  over  the  entire 
route,  and  made  his  preliminary  report,  which  was  at  once  accepted. 

The  plan  contemplated  the  construction  of  a  double  track  railroad  420 
miles  long,  perfect  in  all  its  parts,  and  equipped  to  its  utmost  necessity. 
The  estimates  amounted  to  nearly  forty  millions  of  dollars,  and  the  time 
for  its  construction  was  reckoned  at  seven  years.  The  line  selected  for 
the  road  had  no  reference  to  intermediate  points,  and  was  the  shortest 
attainable,  due  regard  being  paid  to  the  cost  of  construction.  It  is  nearly 
straight,  and  passes  over  so  level  a  country  as  to  encounter  no  obstacle 
requiring  a  grade  exceeding  20  feet  to  the  mile,  and  for  most  of  the 
distance  it  is  level.  The  right  of  way  taken  was  400  feet  in  width 
throughout  the  entire  length.  The  roadbed  was  raised  from  six  to  ten 
feet  above  the  ordinary  level  of  the  country  and  was  30  feet  wide  on  top. 

One  of  the  most  important  questions  to  be  settled  at  the  outset  in 
regard  to  this  great  work  was  the  width  of  the  gauge.     At  that  time  the 
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opinion  in  England  as  well  as  in  the  United  States  among  engineers  was 
setting  very  strongly  in  favor  of  a  gauge  wider  than  4  feet  8^  inches,  and 
the  Russian  engineers  were  decidedly  in  favor  of  such  increased  width. 
Major  Whistler,  however,  in  an  elaborate  report  to  the  Count  Klein- 
michel  argued  very  strongly  in  favor  of  the  ordinary  gauge.  To  this  a 
commission  of  the  most  distinguished  engineers  in  Russia  replied,  urging 
m  the  most  forcible  manner  the  adoption  of  a  gauge  of  six  feet.  Major 
Whistler  rejoined  in  a  report  which  is  one  of  the  finest  models  of  an 
engineering  argument  ever  written,  and  in  which  we  have  perhaps  the 
best  view  of  the  quality  of  his  mind.  In  this  document  no  point  is  omit- 
ted, each  part  of  the  question  is  handled  with  the  most  consummate 
skill,  the  bearing  of  the  several  parts  upon  the  whole  is  shown  in  the 
clearest  possible  manner,  and  in  a  style  which  could  only  come  from  one 
who  from  his  own  knowledge  was  thoroughly  familiar  with  all  the 
details,  not  only  of  the  railroad  but  of  the  locomotive  as  well. 

In  this  report  the  history  of  the  ordinary  gauge  is  given,  with  the 
origin  of  the  standard  of  4  feet  8^  inches  ;  the  questions  of  strength,  sta- 
bility and  capacity  of  cars,  of  the  dimensions,  proportions  and  power  of 
engines,  the  speed  of  trains,  resistances  to  motion,  weight  and  strength 
of  rails,  the  cost  of  the  roadway  and  the  removal  of  snow  are  carefully 
considered  ;  the  various  claims  of  the  advocates  for  a  wider  gauge  are 
fairly  and  critically  examined,  and  while  the  errors  of  his  opponents  are 
laid  bare  in  the  most  unsparing  manner,  the  whole  is  done  in  a  spirit  so 
entirely  unprejudiced,  and  with  so  evident  a  desire  for  the  simple  truth 
as  to  carry  conviction  to  any  fair-minded  person.  The  dry  way,  too,  in 
which  he  suggests  that  conclusions  based  upon  actual  results  from  exist- 
ing railways  are  of  more  value  than  deductions  from  supposed  conditions 
upon  imaginary  roads,  is  exceedingly  entertaining.  The  result  was  the 
adoption  of  the  gauge  recommended  by  him,  namely,  five  feet.  Those 
who  remember  the  "  Battle  of  the  Gauges,"  and  who  know  how  much 
expense  and  trouble  the  wide  gauge  has  since  caused,  will  appreciate  the 
stand  taken  thus  early  by  Major  Whistler  ;  and  this  was  but  one  among 
many  cases  which  might  be  mentioned  to  show  how  comprehensive  and 
far-reaching  was  his  mind. 

The  roadbed  of  the  St.  Petersburg  &  Moscow  Railway  was  made  30 
feet  wide  on  top,  for  a  double  track  of  5  feet  gauge,  with  a  gravel  ballast- 
ing two  feet  deep.  The  bridges  were  of  wood,  of  the  Howe  pattern,  no 
spans  being  over  200  feet  in  length.  The  stations  at  each  end, 
and  the  station  and  engine  houses  along  the  line,  were  on  a  plan  uni- 
form throughout,  and  of  the  most  ample  accommodation.  Fuel  and 
water  stations  were  placed  at  suitable  points,  and  engine  houses  were 
provided  50  miles  apart,  built  of  the  most  substantial  masonry,  circular 
in  form,  ISO  feet  in  diameter,  surmounted  by  a  dome,  and  having  stalls 
for  22  engines  each.  Repair  shops  were  attached  to  every  engine  house, 
furnished  with  every  to^l  or  implement  that  the  wants  of  the  road  could 
suggest. 

The  equipment  of  rolling  stock  and  fixed  machinery  for  the  shops  was 
furnished  by  the  American  firm  of  Winans.  Harrison  &  Eastwick,  who 
from  previous  acquaintance  were  known  by  Major  Whistler  to  be  skillful, 
energetic  and  reliable.     Much  diplomacy  was  needed  to  procure  the  large 
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money  advances  for  this  part  of  the  work,  the  whole  Winans  contract 
amounting  to  nearly  five  millions  of  dollars;  but  the  assurance  of  Major 
"Whistler  was  a  sufficient  guarantee  against  disappointment  or  failure. 

In  184:3  the  plans  for  the  work  were  all  complete,  and  in  1844  the 
various  operations  along  the  line  were  well  under  way,  and  proceeding 
according  to  the  well-arranged  programme.  In  1845  the  work  had  pro- 
gressed so  far  that  the  construction  of  the  rolling  stock  was  commenced. 
The  locomotives  were  of  two  classes,  freight  and  passenger.  The  engines 
of  each  class  were  made  throughout  from  the  same  patterns,  so  that  any 
part  of  one  engine  would  fit  the  same  position  on  any  other.  The  pas- 
senger engines  had  two  pairs  of  driving  wheels,  coupled,  6  feet  in  diame- 
ter, and  a  four-wheeled  truck  similar  to  the  modern  American  locomo- 
tive. The  general  dimensions  were  :  Waist  of  boiler.  47  inches,  186  two- 
inch  tubes  lOi  feet  long  ;  cylinders,  16  X  23  inches.  The  freight  engines 
had  the  same  capacity  of  boiler  and  the  same  number  and  length  of 
tubes,  thrpe  pairs  of  driving  wheels,  coupled,  4^  feet  in  diameter,  a  truck 
and  cylinders  18  X  22  inches,  and  all  uniform  throughout  in  workmanship 
and  finish.  The  passenger  cars  were  56  feet  long  and  9^  feet  wide,  the 
first  class  carrying  33  passengers,  the  second  class  54  and  the  third  class 
80.  They  all  had  eight  truck  wheels  under  each,  and  elliptic  steel 
springs.  The  freight  cars  were  all  30  feet  long  and  9^  feet  wide,  made 
in  a  uniform  manner,  with  eight  truck  wheels  under  each.  The  Imperial 
saloon  carriages  wore  80  feet  long  and  9|  feet  wide,  having  double  trucks, 
or  sixteen  wheels  under  each.  They  were  divided  into  five  compartments 
and  fitted  with  every  convenience. 

Early  in  1847  the  Emperor  Nicholas  visited  the  mechanical  works  at 
Alexandroffsky,  where  the  rolling  stock  was  being  made  by  the  Messrs. 
Winans,  in  the  shops  prepared  b/  them  and  supplied  by  Russian  labor. 
Everything  here  was  on  the  grandest  scale,  and  the  work  was  con- 
ducted under  the  most  perfect  system.  Upon  this  occasion  the  Emperor 
was  so  much  gratified  at  what  had  already  been  accomplished  that  he 
conferred  upon  Major  Whistler  the  decoration  of  the  Order  of  St.  Anne. 
He  had  previously  been  pressed  to  wear  the  Russian  uniform,  which  he 
promptly  declined  to  do  ;  but  there  was  no  escape  from  the  decoration 
without  giving  offence.  He  is  said,  however,  to  have  generally  contrived 
to  hide  it  beneath  his  coat  in  such  a  manner  that  few  ever  saw  it. 

Technically,  Major  Whistler  was  Consulting  Engineer,  Colonel  Melin- 
koff  being  constructing  engineer  for  the  northern  half  of  the  road,  and 
Colonel  Krofft  for  the  southern  half  ;  but,  as  a  matter  of  fact,  by  far  the 
larger  part  of  planning  the  construction  in  detail  of  both  railway  and 
equipment  fell  upon  Major  Whistler.  1  here  was  also  a  permanent  com- 
mission having  general  charge  of  the  construction  of  the  road,  of  which 
the  President  was  General  Destrem,  one  of  the  four  French  engineers 
whom  Napoleon,  at  the  request  of  the  Emperor  Alexander,  sent  to  Russia 
for  the  service  of  that  country. 

The  year  1848  was  a  very  trying  one  to  Major  Whistler.  He  had  already 
on  several  occasions  overtasked  his  strength,  and  had  been  obliged  to 
rest.  This  year  the  Asiatic  cholera  made  its  appearance.  He  sent  his 
family  abroad,  but  remained  himself  alone  in  his  house.  He  would  on 
no  account  at  this  time  leave  his  post,  nor  omit  his  periodical  inspections 
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along  the  line  of  the  road,  where  the  epidemic  was  raging^.  In  Novem- 
ber he, had  an  attack  of  cholera,  and  while  he  recovered  from  it,  he  was 
left  very  weak.  Stil],  he  remained  upon  the  work  through  the  winter, 
though  suffering  much  from  a  complication  of  diseases.  As  spring 
advanced  he  became  much  worse,  and  upon  the  7th  of  April,  1849,  he 
passed  quietly  away,  the  immediate  cause  of  his  death  being  a  trouble 
with  the  heart. 

Funeral  services  were  held  in  the  Anglican  (Episcopal)  Church  in  St. 
Petersburg.  His  body  was  soon  afterwards  carried  to  Boston  and  de- 
posited beneath  St.  Paul's  Church  ;  but  the  Snal  interment  took  place  at 
Stonington.  The  kindness  and  attention  of  the  Emperor  aaid  of  all  with 
whom  Major  Whistler  had  been  associated  knew  no  bounds.  Everything 
was  done  to  comfort  and  aid  his  wife,  and  when  she  left  St.  Petersburg 
the  Emperor  sent  her  in  his  private  barge  to  the  mouth  of  the  Baltic. 
"  It  was  not  only,"  says  one  who  knew  him  well,  "  through  his  skill, 
ability  and  experience  as  an  engineer  that  Major  Whistler  was  particu- 
larly qualified  for  and  eminently  successful  in  the  important  task  he  per- 
formed so  well  in  Russia.  His  military  training  and  bearing,  his  polished 
manner,  good  humor,  sense  of  honor,  knowledge  of  a  language  (French) 
in  which  he  could  converse  with  otficers  of  the  government,  his  resolu- 
tion in  adhering  to  what  he  thought  was  right,  and  in  meeting  difficul- 
ties only  to  surmount  them,  with  other  admirable  personal  qualities, 
made  him  soon,  and  during  his  whole  residence  in  Russia,  much  liked 
and  trusted  by  all  persons  by  whom  he  was  known,  from  the  Emperor 
down  to  the  peasant.  Such  is  the  reputation  he  left  behind  him,  and 
which  is  given  to  him  in  Russia  to  this  day." 

In  1849  the  firm  of  Winans,  Harrison  &  Eastwick  had  already  furnished 
the  road  with  163  locomotives,  73  passenger  and  3,580  freight  cars.  They 
had  also  arranged  to  instruct  a  suitable  number  of  Russian  mechanics  to 
take  charge  of  the  machinery  when  completed.  The  road  was  finished 
its  entire  length  in  1850,  being  opened  for  passenger  and  freight  traffic 
on  the  35th  of  September  of  that  year,  in  two  divisions,  experimentally, 
and  finally  opened  for  through  business  on  November  1, 1851.  In  all  of  its 
construction  and  equipment  it  was  essentially  American  of  the  best  kind, 
everything  being  made  under  a  carefully  devised  system,  by  which  the 
greatest  economy  in  maintenance  and  in  management  should  be  possible. 
The  use  of  standard  patterns,  uniformity  in  design  and  duplication  of 
parts  was  applied  not  only  to  the  rolling-stock,  but  to  the  railroad  as 
well,  wherever  it  was  possible.  Indeed,  the  whole  undertaking  in  all  its 
parts  bore  the  impress  of  one  master  mind. 

On  the  death  of  Major  Whistler  the  government  with  jealous  care  pre- 
vented any  changes  whatever  being  made  in  his  plans,  including  those 
which  had  not  been  carried  out  as  well  as  those  already  in  process  of 
execution.  An  American  engineer,  Major  T.  S.  Brown,  was  invited  to 
Russia  to  succeed  Major  Whistler  as  Consulting  Engineer.  The  services 
of  the  Messrs.  Winans  also  were  so  satisfactory  to  the  government  that 
a  new  contract  was  afterwards  made,  upon  the  completion  of  the  road, 
for  the  maintenance  and  the  future  construction  of  rolling  stock. 

While  the  great  railroad  was  the  principal  work  of  Major  W^histler  in 
Russia,  he  was  also  consulted  in  regard  to  all  the  important  engineering 
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works  of  the  period.  The  fortifications  at  Cronstadt,  the  Naval  Arsenal 
and  docks  at  the  same  place,  the  plans  for  improving  the  Dovina  at 
Archangel,  the  great  iron  roof  of  the  Riding  House  at  St.  Petersburg,  and 
the  iron  bridge  over  the  Neva  all  received  his  attention.  The  govern- 
ment was  accustomed  to  rely  upon  his  judgment  in  all  cases  requiring 
the  exercise  of  the  highest  combination  of  science  and  practical  skill; 
and  here,  with  a  happy  tact  peculiarly  his  own,  he  secured  the  warm 
friendship  of  men  whose  professional  acts  he  found  himself  called  upon 
in  the  exercise  of  his  high  trust  in  many  cases  to  condemn.  The  Russians 
are  proverbially  jealous  of  strangers,  and  no  higher  evidence  of  their 
appreciation *)f  the  sterling  honesty  of  Major  Whistler,  and  of  his  sound 
discriminating  judgment  could  be  afforded,  than  the  fact  that  all  his 
recommendations  on  the  great  questions  of  internal  improvement,  opposed 
as  many  of  them  ware  to  the  principles  which  had  previously  obtained, 
and  which  were  sanctioned  by  usage,  were  yet  carried  out  by  the  govern- 
ment to  the  smallest  details. 

While  in  Russia  Major  Whistler  was  sometimes  placed  in  positions 
most  trying  to  him.  It  is  said  that  some  of  the  corps  of  native  engineers, 
many  of  whom  were  nobles,  while  compelled  to  look  up  to  him  officially, 
were  inclined  to  look  down  upon  him  socially,  and  exercised  their  sup- 
posed privileges  in  this  respect  so  as  to  annoy  him  exceedingly,  for  he 
had  not  known  in  his  own  country  what  it  was  to  be  the  social  inferior 
of  any  one.  The  Emperoi-,  hearing  of  this  annoyance,  determined  to 
stop  it ;  so,  taking  advantage  of  a  day  when  he  knew  the  engineer  corps 
would  visit  a  celebrated  gallery  of  art,  he  entered  it  while  they  were 
there,  and  without  at  first  noticing  any  one  else,  looked  around  for 
Major  Whistler,  and  seeing  him,  went  directly  toward  him,  took  his  arm 
and  walked  slowly  with  him  entirely  around  the  gallery.  After  this  the 
conduct  of  the  nobles  was  all  that  could  be  desired. 

Major  Whistler's  salary  while  in  Russia  was  $12,000  a  year;  a  sum  no 
more  than  necessary  for  living  in  a  style  befitting  his  position.  He  had 
abundant  opportunity  for  making  money,  but  this  his  nice  sense  of 
honor  forbade.  It  is  even  stated  that  he  would  never  allow  any  invention 
to  be  used  on  the  road  that  could  by  any  possibility  be  of  any  profit  to 
himself  or  to  any  of  his  friends.  He  was  continually  besieged  by  Amer- 
ican inventors,  but  in  vain.  The  honor  of  the  profession  he  regarded  as 
a  sacred  trust.  He  served  the  Emperor  with  the  fidelity  that  characterized 
all  his  actions.  His  unswerving  devotion  to  his  duty  was  fully  appre- 
ciated, and  it  is  said  that  no  American  in  Russia  except  John  Quincy 
Adams  was  ever  held  in  so  high  estimation. 

Major  Whistler  married  for  his  first  wife  Mary,  daughter  of  Dr.  Foster 
Swift  of  the  U.  S.  Army  and  Deborah,  daughter  of  Capt.  Thomas 
Delano,  of  Nantucket.  By  her  he  had  three  children  :  Deborah,  his  only 
daughter,  who  married  Seymour  Hay  den,  of  London,  a  surgeon,  but 
later  and  better  known  for  his  skill  in  etching  ;  George  William,  who 
became  an  engineer  and  railway  manager,  and  who  went  to  Russia,  and 
finally  died  at  Brighton,  in  England,  Dec.  24,  1869  ;  Joseph  Swift,  born 
at  New  London,  Aug.  12,  1825,  and  who  died  at  Stonington,  Jan.  1,  1840. 
His  first  wife  died  Dec.  9,  1827,  at  the  early  age  of  23  years,  and  is  buried 
in  Greenwood  Cemetery,  in  the  shade  of  the  monument  erected  to  the 


GEORGE  W.   WHISTLER,  C.  E.  51 

memory  of  her  husband  bj'^  the  loving  hands  of  his  professional  brethren. 
For  his  second  wife  he  married  Anna  Matilda,  daughter  of  Dr.  Charles 
Donald  McNeill,  of  Wilmington,  N.  C,  and  sister  of  his  friend  and 
associate,  William  Gibbs  McNeill.  By  her  he  had  five  sons :  James 
Abbot  McNeill,  the  noted  artist,  and  William  Gibbs  McNeill,  a  well- 
known  physician,  both  now  living  in  London  ;  Kirk  Boott,  born  inSton- 
ington.  July  16,  1838,  and  who  died  at  Sj^ringfield,  July  10, 1842  ;  Charles 
Donald,  born  in  Springfield,  Aug.  27,  1841,  and  who  died  in  Russia,  Sept. 
24,  1843  ;  and  John  Bouttattz,  who  was  born  and  who  died  at  St.  Peters- 
burg, having  lived  but  little  more  than  a  year.  His  second  wife,  who 
outlived  him,  returned  to  America,  and  remained  here  during  the  educa- 
tion of  her  children,  after  which  she  moved  to  England.  She  died  Jan. 
31,  1881,  at  the  age  of  76  years,  and  was  buried  at  Hastings. 

At  a  meeting  held  in  the  office  of  the  Panama  Railroad  Company  in 
New  York,  August  27,  1849,  for  the  purpose  of  suggesting  measures 
expressive  of  their  respect  for  the  memory  of  Major  Whistler,  Wm.  H. 
Sidell  being  chairman,  and  A.  W.  Craven  secretary,  it  was  resolved  that 
a  monument  in  Greenwood  Cemetery  would  be  a  suitable  mode  of 
expressing  the  feelings  of  the  profession  in  this  respect,  and  that  an 
association  be  formed  to  collect  funds  and  take  all  necessary  steps  to 
carry  out  the  work.  At  this  meeting  Capt.  William  H.  Swift  was  ap- 
pointed president.  Major  T,  S.  Brown  treasurer,  and  A.  W.  Craven 
secretary,  and  Messrs,  Horatio  Allen,  W.  C.  Young,  J  W.  Adams  and 
A.  W.  Craven  were  appointed  a  committee  to  procure  designs  and  esti- 
mates, and  to  select  a  suitable  piece  of  ground.  The  design  was  made 
by  Mr.  Adams,  and  the  ground  was  given  by  Mr.  Kirkwood.  The  monu- 
ment is  a  beautiful  structure  of  red  standstone,  about  15  feet  high,  and 
stands  in  "Twilight  Dell."  Upon  the  several  faces  are  the  following 
inscriptions : 

Upon  the  Front. 

IN  MEMORY  OF 

GEORGE  WASHINGTON  WHISTLER, 

civil  engineer, 

Born  at  Fort  Wayne,  Indiana,  May,  1800. 

Died  at  St.  Petersburg.  Russia,  April,  1849. 


Upon  the  Right  Side, 
educated  at  the  u.  s.  military  academy, 
he  retired  from  the  army  in  1833  and  be- 
cami5     associated     w^ith     william     gibbs 

M'NEILL.  THEY  WERE  IN  THEIR  TIME  ACKNOWL- 
EDGED TO  BE  AT  THE  HEAD  OF  THEIR  PROFES- 
SION IN  THIS  COUNTRY. 


Upon  the  Back, 

HE  WAS  DISTINGUISHED  FOR  THEORETICAL  AND 
PRACTICAL  ABILITY,  COUPLED  WITH  SOUND  JUDG- 
MENT AND  GREAT  INTEGRITY.  IN  1842  HE  WAS 
INVITED  TO  RUSSIA  BY  THE  EMPEROR  NICHOLAS, 
AND  DIED  THERE  WHILE  CONSTRUCTING  THE  ST. 
PETERSBURG  &  MOSCOW  RAILROAD. 


Upon  the  Left  Side. 

THIS  CENOTAPH  IS  A  MONUMENT  OF  THE  ES- 
TEEM AND  AFFECTION  OF  HIS  FRIENDS  AND 
COMPANIONS. 
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While  the  monument  thus  raised  to  the  memory  of  the  great  engineer 
stands  in  that  most  delightful  of  the  cities  of  the  dead,  his  worn-out  body 
rests  in  the  quaint  old  town  of  Stonington.  It  was  here  that  his  several 
children  had  been  buried,  and  he  had  frequently  expressed  a  desire  that 
when  he  should  die  he  might  be  placed  by  their  side.  A  deputation  of 
engineers  who  had  been  in  their  early  years  associated  with  him,  attended 
the  simple  service  which  was  held  over  his  grave,  and  all  felt  as  they 
turned  away  that  they  had  bid  farewell  to  such  a  man  as  the  world  has 
not  often  seen. 

In  person  Major  Whistler  was  of  medium  size  and  well  made.  His 
face  showed  the  finest  type  of  manly  beauty,  combined  with  a  delicacy 
almost  feminine.  In  private  life  he  was  greatly  prized  for  his  natural 
qualities  of  heart  and  mind,  his  regard  for  the  feeling  of  others,  and  his 
unvarying  kindness,  especially  towards  his  inferiors  and  his  young  assist- 
ants. His  duties  and  his  travels  in  this  and  in  other  countries  brought 
him  in  contact  with  men  of  every  rank,  and  it  is  safe  to  say  that  the  more 
competent  those  who  knew  him  were  to  judge  the  more  highly  was  he 
valued  by  them.  A  close  observer,  with  a  keen  sense  of  humor  and  un- 
failing tact,  fond  of  personal  anecodote  and  with  a  mind  stored  with  rec- 
ollecticms  from  association  with  every  grade  of  society,  he  was  a  most 
engaging  companion.  The  charm  of  his  manner  was  not  conventional, 
nor  du3  to  intercourse  with  refined  society,  but  came  from  a  sense  of 
delicacy  and  a  refinement  of  feeling  which  was  innate,  and  which  showed 
itself  in  him  under  all  circumstances.  He  was  in  the  widest  and  best  sense 
of  the  word  a  gentleman  ;  and  he  was  a  gentleman  outwardly,  because  he 
was  a  gentleman  at  heart. 

As  an  engineer.  Whistler's  works  speak  for  him.  He  was  eminently  a 
practical  man,  remarkable  for  steadiness  of  judgment  and  for  sound 
business  sense.  Whatever  he  did  was  so  well  done  that  he  was  naturally 
followed  as  a  model  by  those  who  were  seeking  a  high  standard.  Others 
may  have  excelled  in  extraordinary  boldness,  or  in  some  remarkable 
specialty,  but  in  all  that  rounds  out  the  perfect  engineer,  whether  natural 
characteristics,  professional  training,  or  the  well-digested  results  of  long 
and  valuable  experience,  we  look  in  vain  for  his  superior,  and  those  who 
knew  him  best  will  hesitate  to  acknowledge  his  equal. 


THE  VELOCITY  OF  LIGHT   IN  AIR   AND  REFRACTING  MEDIA. 


Synopsis  of  a  Lecture  by  Prof.  Albert  A.  Michelson,  Delivered  Be- 
fore THE  Civil  Engineers'  Club  of  Cleveland,  Sept.  14,  1886. 


Prof.  Michelson,  after  a  brief  statement  of  some  of  the  diflSculties 
under  which  experimenters  in  this  branch  of  science  labored,  gave  a 
history  of  the  measurements  of  light  from  the  time  of  Galileo.*  Before  his 
time  it  was  supposed  that  the  perception  of  objects  was  instantaneous. 
As  soon  as  the  idea  was  promulgated  that  light  proceeded  from  a  body  to 
the  eye,  the  question  arose,  "How  long  does  it  take?"  Galileo  then 
began  his  experiments.     The  only  absurdity  was  that  it  was  supposed 

*  Taken  chiefly  froaa  Prof.  Newcombe's  book. 
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that  the  velocity  of  light  and  sound  might  be  of  the  same  order  of  mag- 
nitude. Galileo  suggested  that  two  men  should  be  stationed  as  great  a 
distance  apart  as  two  lights  should  be  visible.  Each  should  have  a  lan- 
tern with  a  slide.  As  soon  as  the  second  experimenter  saw  the  light  un- 
covered by  the  first,  be  should  uncover  his  lantern.  The  interval  which 
elapsed  from  the  uncovering  of  the  first  light  till  the  observer  perceived 
the  light  of  the  second,  would  be  the  time  required  for  the  light  to  come 
and  go,  plus  the  time  required  for  the  second  observer  to  perceive  the 
light  and  make  the  required  movement.  This  experiment  was  tried  by 
the  Florentine  Academy,  and  resulted  in  the  conclusion  that  the  time 
required  was  insensible.  Yet  upon  this  rude  experiment  was  based  the 
principle  Avhich  underlies  one  of  the  most  celebrated  methods  used  in 
recent  times  for  the  attainment  of  the  same  object. 

The  subject  was  next  approached  from  the  astronomical  side.  In  1676 
Roemer,  in  a  communication  to  the  French  Academy,  claimed  that  from 
his  observations  of  the  eclipses  of  the  first  satellite  of  Jupiter,  he  found 
that  light  required  time  to  pass  through  the  celestial  spaces.  He  found 
11  minutes  to  be  the  time  required  for  light  to  pass  over  a  distance  equal 
to  the  radius  of  the  earth's  orbit.  Dominique  Cassini  contested  the  right 
of  Roemer's  hypothesis  to  reception  as  an  established  theory,  on  the 
ground  that  the  observed  inequality  might  be  a  real  one  in  the  motion  of 
the  satellite  itself.  Other  observations  showed  that  the  time  assigned 
by  Roemer  for  the  "  light  equation"  was  somewhat  too  great.  In  1809 
it  was  fixed  by  Delambre  at  493.3  seconds.  In  1875  Glasenapp,  then  of 
Pulkowa,  showed  that  results  between  496  and  501  seconds  could  be  ob- 
tained. 

Bradley  observed  another  peculiarity  known  as  the  aberration  of  fixed 
stars.  He  was  attempting  to  find  the  parallax  of  a  number  of  stars,  and 
his  observations  led  him  to  see  that  this  was  not  the  true  parallax,  but 
some  other  phenomenon.  The  theory  of  aberration  is  not  quite  satisfactory. 
The  constant  of  aberration,  however,  gives  a  relation  between  the  veloc- 
ity of  light  and  the  velocity  of  the  earth  in  its  orbit,  from  which,  by  a 
simple  calculation,  the  time  required  for  light  to  pass  from  the  sun  to  the 
earth  may  be  deduced. 

Professor  Michelson  then  referred  to  the  expense  incurred  by  various 
nations  in  their  observations  of  the  transit  of  Venus.  Astronomers  now 
agree  that  the  determination  of  the  velocity  of  light  gives  a  more  accu- 
rate result  than  anything  they  can  hope  to  gain  from  observations  of  the 
Venus  transit.  The  distance  of  the  earth  from  the  sun  is  the  astronomical 
base  line,  or  astronomical  unit.  The  distance  from  the  sun  was  supposed  to 
be  95,000,000  of  miles,  and  as  it  required  500  seconds  for  light  to  traverse 
this  distance,  it  was  concluded  that  it  moved  190,000  miles  per  second. 
Physicists  were  hopeless  of  measuring  such  a  velocity  by  any  means  at 
their  command,  so  no  serious  attempt  was  made  between  the  time  of  the 
futile  effort  of  the  Florentine  Academy  and  that  of  the  researches  of 
Wheatstone,  Arago,  Fizeau  and  Foucault  nearly  two  centuries  later. 

In  1840  Fizeau  presented  a  paper  on  this  subject  to  the  Academy  of 
Sciences.  His  method  was  founded  on  the  first  experiment  proposed  by 
Galileo.  A  telescope  was  fixed  upon  a  house  at  Suresne,  pointing  to  the 
Hill  Montmartre.     A  second  telescope,  looking  directly  into  the  first  was 
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placed  upon  this  hill,  the  distance  between  being  about  8,633  metres.  A 
small  reflector  was  fixed  in  the  focus  of  the  second  telescope.  A  trans- 
parent glass,  fixed  in  the  eye  piece  at  an  angle  of  45  degrees,  caused  a 
beam  of  light  to  be  sent  from  the  first  to  the  second  telescope.  This  was 
directly  reflected  back,  and,  on  its  return,  could  be  seen  as  a  star  by  an 
eye  looking  through  the  first.  A  revolving  wheel,  with  720  teeth  upon 
its  circumference,  was  fixed  upon  the  eye-piece  of  the  latter  so  that  the 
beam  of  light,  both  in  going  and  coming  bad  to  pass  between  the  teeth. 

In  18  j.8  Arrago  proposed  a  method  based  upon  that  of  the  revolving  mir- 
ror of  Sir  Charles  Wheatstone.  He  took  pains  to  demonstrate  that  it  was 
possible,  by  the  use  of  a  revolving  mirror,  to  decide  between  the  theory 
of  emission  and  that  of  undulations  by  determining  the  relative  veloc- 
ities in  air  and  in  a  refracting  medium,  The  difficulties,  however,  were 
such  that  he  never  succeeded  in  carrying  out  his  experiments.  Foucault 
and  Fizeau,  about  the  beginning  of  1850,  showed  that  the  motion  of 
light  was  slower  through  water  than  through  air.  There  are  two  theo- 
ries of  light,  the  undulatory  and  the  corpuscular,  and  this  fact  that 
light  travels  more  slowly  through  water  establishes  the  falsity  of  the 
corpuscular  theory. 

The  next  measures  were  those  of  Cornu.  He  adopted  Fizeau's  inven- 
tion of  the  toothed  wheel.  His  result  was  far  superior  in  point  of 
accuracy  to  that  of  Foucault  who  gave  for  the  velocity  of  light  298,000 
kilometers  per  second.  Micheison,  the  next  experimenter,  gave  a  result 
of  299,910  kilometers  per  second.  Messrs.  James  Young  and  George 
Forbes,  experimenting  in  Sco  tland,  promulgated  a  theory  that  there  was 
a  difference  in  the  velocities  of  different  colored  rays,  but  it  is  probable 
that  the  phenomena  observed  by  them  arose  from  some  other  cause  than 
a  difference  in  the  velocities  of  red  and  blue  rays. 

In  Cornu's  memoir  upon  the  determination  of  the  velocity  of  light, 
several  objections  are  made  to  the  plan  followed  by  Foucault.  The  most 
important  among  these  was  that  the  deflection  was  too  small  to  be  meas- 
ured with  the  required  degree  of  accuracy.  To  employ  this  method, 
therefore,  it  was  necessary  that  the  deflection  should  be  increased.  In 
November,  1877,  a  modification  of  Foucault's  arrangement  suggested 
itself  to  Professor  Micheison,  by  which  this  result  could  be  accomplished. 

The  first  experiment  tried  with  the  revolving  mirror  produced  a  deflec- 
tion considerably  greater  than  that  obtained  by  Foucault.  So  far  the 
only  apparatus  used  was  such  as  could  be  adapted  from  the  apparatus  in 
the  Naval  Academy.  At  the  expense  of  $10  a  revolving  mirror  was 
made  which  could  execute  128  turns  per  second.  This  was  installed  at 
the  laboratory  in  May,  1878.  The  distance  used  was  500  feet,  and  the 
deflection  was  about  twenty  times  that  obtained  by  Foucault.  Various 
observations,  with  some  changes  in  the  apparatus,  were  made  up  to 
June  5,  1879,  when  the  first  of  the  final  series  of  observations  was  made. 
Thirty  sets  made  previous  to  this  were  rejected.  After  this  time  no  set 
of  observations,  nor  any  single  observation,  was  omitted. 

Professor  Micheison  then  gave  a  blackboard  illustration,  showing  the 
theory  of  the  new  method. 

Let  <S  be  a  slit,  through  which  light  passes,  falling  on  R,  a  mirror  free 
to  rotate  about  an  axis  at  right  angles  to  the  plane  of  the  paper  ;   L,  a 
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lens  of  great  focal  length,  upon  which  the  light  falls  which  is  reflected 
from  B.  Let  M  be  a  plane  mirror  whose  surface  is  perpendicular  to  the 
line  a  M,  passing  through  the  centres  of  R,  L  and  M,  respectively.  If  L 
be  so  placed  that  an  image  of  S  is  formed  on  the  surface  of  M,  then,  this 
image  acting  as  the  object,  its  image  will  be  formed  at  S,  and  will  coin- 
cide point  for  point  with  S.  If  now  R  be  turned  about  the  axis,  so  long 
as  the  light  falls  upon  the  lens,  an  image  of  the  slit  will  still  be  formed 
on  the  surface  of  the  mirror,  though  on  a  different  part,  and  as  long  as 
the  returning  light  falls  on  the  lens  an  image  of  this  image  will  be  formed 
at  aS^,  notwithstanding  the  change  of  position  of  the  first  image  at  M,  This 
result,  namely,  the  production  of  a  stationary  image  of  an  image  in 
motion,  is  absolutely  necessary  in  this  method  of  experiment.  It  was 
first  accomplished  by  Foucault,  and  in  a  manner  differing  apparently 
but  little  from  the  foregoing. 

Suppose  that-R  is  in  the  principal  focus  of  the  lens  Z/ ;  then,  if  the  plane 
mirror  M  have  the  same  diameter  as  the  lens,  the  first,  or  moving  image, 
will  remain  upon  M  as  long  as  the  axis  of  the  pencil  of  light  remains  on 
the  lens,  and  this  will  be  the  case  no  matter  what  the  distance  may  be. 

When  the  rotation  of  the  mirror  R  becomes  sufficiently  rapid,  then  the 
flashes  of  light  which  produce   the  second  or  stationary  image  become 


blended,  so  that  the  image  appears  to  be  continuous.  But  now  it  no 
longer  coincides  with  the  slit,  but  is  deflected  in  the  direction  of  rotation, 
and  through  twice  the  angular  distance  described  by  the  mirror,  during 
the  time  required  for  light  to  travel  twice  the  distance  between  the 
mirrors.  This  displacement  is  measured  by  the  tangent  of  the  arc  it 
subtends.  To  make  this  as  large  as  possible,  the  distance  between  the 
mirrors,  the  radius,  and  the  speed  of  rotation  should  be  made  as  great 
as  possible. 

The  second  condition  conflicts  with  the  first,  for  the  radius  is  the  differ- 
ence between  the  focal  length  for  parallel  rays  and  that  for  rays  at  the 
distance  of  the  fixed  mirror.  The  greater  the  distance,  therefore,  the 
smaller  will  be  the  radius.  There  are  two  ways  of  solving  the  difficulty: 
First,  by  using  a  lens  of  great  focal  length  ;  and,  secondly,  by  placing 
the  revolving  mirror  within  the  principal  focus  of  the  lens.  Both  means 
were  employed.  The  focal  length  of  the  lens  was  150  feet,  and  the 
mirror  was  placed  about  15  feet  within  the  principal  focus.  A  limit  is 
soon  reached,  however,  for  the  quantity  of  light  received  diminishes 
very  rapidly  as  the  revolving  mirror  approaches  the  lens. 

The  revolving  mirror  consisted  of  a  cast-iron  frame  resting  on  three 
leveling  screws,  one  of  which  was  connected  by  cords  to  the  table,  so 
that  the  mirror  could  be  inclined  forward  or  backward  while  making  the 
observations. 

A  point  of  interest  was  the  measurement  of  the  speed  of  rotation.    A 
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tuning  fork,  bearing  on  one  prong  a  steel  mirror,  was  used.  This  was 
kept  in  vibration  by  a  current  of  electricity  from  five  "gravity  "  cells. 
The  fork  was  so  placed  that  the  light  from  the  revolving  mirror  was 
reflected  to  a  piece  of  plane  glass,  in  front  of  the  lens  of  the  eye-piece  of 
the  micrometer,  inclined  at  an  angle  of  45  degrees,  and  thence  to  the  eye. 
When  fork  and  revolving  mirror  are  both  at  rest,  an  image  of  the  revolv- 
ing mirror  is  seen.  When  the  fork  vibrates,  this  image  is  drawn  out  into 
a  band  of  light. 

When  the  mirror  commences  to  revolve,  this  band  breaks  up  into  a 
number  of  moving  images  of  the  mirror  ;  and  when,  finally,  the  mirror 
makes  as  many  turns  as  the  fork  makes  vibrations,  these  images  are  re- 
duced to  one  which  is  stationary.  This  is  also  the  case  when  the  number 
of  turns  is  a  submultiple.  When  it  is  a  multiple  or  simple  ratio,  the  only- 
difference  is  that  there  are  more  images.  Hence,  to  make  the  mirror 
execute  a  certain  number  of  turns,  it  is  simply  necessary  to  pull  the  cord 
attached  to  the  valve  to  the  right  or  left  till  the  images  of  the  revolving 
mirror  come  to  rest. 

The  electric  fork  had  about  128  vibrations  per  second.  No  dependence 
was  placed  upon  this  rate,  however,  but  at  each  set  of  observations  it  is 
compared  with  a  standard  Utg  fork,  the  temperature  being  noted  at  the 
same  time.  In  making  the  comparison,  the  sound  beats  produced  by  the 
forks  were  counted  for  60  seconds.  It  is  interesting  to  note  that  the 
electric  fork,  as  long  as  it  remained  untouched  and  at  the  same  tempera- 
ture, did  not  change  its  rate  more  than  one  or  two  hundredths  vibrations 
per  second. 

Professor  Michelson  then  gave  a  description  of  some  of  the  mechanical 
appliances  used  in  making  his  experiments.  With  regard  to  the  revolv- 
ing mirror,  two  binding  screws,  terminating  in  hardened  steel  conical 
sockets,  held  the  revolving  part.  This  consisted  of  a  steel  axle,  the  pivot 
being  conical  and  hardened.  The  axle  expanded  into  a  ring  which  held 
the  mirror.  This  was  about  one  and  a  quarter  inches  in  diameter  and 
two-tenths  of  an  inch  thick.  It  was  silvered  on  one  side  only,  the  reflec- 
tion taking  place  from  the  outer  or  front  surface.  A  species  of  turbine 
wheel  was  held  on  the  axle  by  friction.  This  wheel  had  six  openings 
for  the  escape  of  air.  The  air  entering  on  one  side  acquires  a  rotary 
motion  and  carries  the  wheel  with  it. 

Other  mechanical  appliances  were  explained  by  blackboard  diagrams. 

In  answer  to  tte  question  :  "  Were  your  results  at  Annapolis  different 
from  those  obtained  here?"  Professor  Michelson  stated  that  the  results 
at  Annapolis  gave  for  the  velocity  of  light  186,360  miles  per  second, 
while  the  result  in  Cleveland  was  186,325. 

Mr.  Eiseman :  What  were  Professor  Newcomb's  results  ? 

Professor  Michelson  :  Professor  Newcomb  made  a  number  of  experi- 
ments, using  the  same  method  as  Foucault's.  When  he  finished  his  first 
series  of  experiments  he  found  that  his  result  was  200  miles  less  than 
mine.  He  tried  to  discover  the  error  first  in  his  own  work  and  then  in 
mine.  He  asked  me  to  repeat  my  experiments,  which  I  did.  His  best 
result  is  now  given  as  186,330  miles  per  second. 

A  Member:  How  did  these  results  compare  with  the  best  results 
obtained  by  observation  of  Jupiter's  satellites  ? 
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Prof.  Michelson  :  I  think  the  result  obtained  by  Fizeau  coincided  re- 
markably with  the  result  obtained  from  observations  of  the  eclipses  of 
Jupiter's  satellites.     That  was  190,000  per  second. 

Pizeau 190,000  miles  per  second. 

Foucault 185,000  "  1862 

Cornu 186,660  "  1874 

Michelson 186,360  "  1879 

186,325  "  1882 

Newcomb 186,330  "  1882 

Young  and  Forbes 187,250  '*  1881 

As  it  had  been  announced  that  Messrs.  Forbes  and  Young  had  detected 
a  difference  of  two  per  cent,  in  the  rates  of  transmission  of  red  and  blue 
light.  Professor  Newcomb,  in  his  experiments  at  Fort  Myer,  watched 
carefully  for  traces  of  color  in  the  reflected  image,  but  nothing  could  be 
discovered. 


PROPOSED  PLAN  OF  TRUSS  BRIDGE  FOR  VERY  LONG  SPANS. 


By  J.  Freeman  Clarke,  Member  of  the  Western  Society  of  Engineers. 

[Read  April  6,  1886.] 


To  increase  the  spans  of  bridges  to  lengths  greater  than  can  be  made 
by  present  plans  can  be  accomplished  only  by  such  a  combination  of  sys- 
tems as  will  reduce  the  load  borne  by  each,  unless  some  entirely  new 
type  be  invented.  And  as  the  types  of  the  present  single  plans  are  the 
arch,  the  wire  suspension  and  the  truss,  a  span  greater  than  can  be 
reached  by  either  of  these  must  be  had  by  such  combination  of  one  or 
more  of  those  systems  as  will  compel  each  part  to  bear  its  proper  pro- 
portion of  the  load,  at  all  times  and  under  all  circumstances.  The  com- 
bination now  proposed  secures  entire  independence,  yet  complete  har- 
mony of  action  o1  the  parts,  the  lack  of  which  in  combinations  hereto- 
fore employed  has  rendered  them  objectionable. 

If  an  endless  wire  rope  be  made  to  move  freely  over  pulleys  fixed  near 
the  top  of  two  towers  placed  apart  from  each  other,  and  the  endless 
rope  be  then  connected  in  the  middle,  it  will  sustain  twice  the  weight 
that  the  same  rope  will  when  not  connected  in  the  middle — a  fact  read- 
ily shown  by  the  most  simple  experiment. 

Let  there  be  now  introduced  an  arch  abutting  at  the  foot  of  each 
tower,  the  outer  thrust  being  held  by  the  weight  of  the  towers,  or  by  a 
chain  of  bars  held  together  by  bolts,  passing  through  eyes  in  the  chord 
bolts  (as  usual  in  bottom  chords  of  ordinary  trusses).  Then  by  use  of 
wire  rope  suspenders  passing  from  the  arch  around  pulleys  fitted  to  the 
bolts  in  the  chain  of  bars,  thence  to  either  the  upper  or  lower  portion  of 
the  endless  wire  rope  (which  forms  in  fact  an  upper  and  a  lower  cable), 
while  anothei  suspender  is  let  down  from  the  other  portion  of  the  endless 
•cables  to  the  chord  bolts  to  each  panel,  it  is  evident  from  the  equality  of 
action  and  reaction,  the  arch  and  each  cable  (or  upper  and  lower  portion 
of  the  endless  wire  rope)  necessarily  bear  the  same  proportion  of  the  load 
and  weight  taken  by  the  suspenders,  and  the  load  taken  by  each  is  at 
once  transmitted  through  it  to  the  ends,  and  each  must  at  all  times  bear 
its  equal  portion  of  the  load,  so  long  as  the  suspenders  and  cables  are  free 
to  adjust  themselves  to  each  other. 
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Such  are  the  novel  features  of  the  plan,  being;  the  use  of  an  upper  and 
lower  cable  (or  sets  of  cables)  reacting  on  each  other  and  through  wire 
rope  suspenders  on  an  arch  (or  another  cable  or  a  truss),  with  which  they 
are  thus  made  to  combine  and  divide  the  load. 

The  result  is  the  combination  of  the  lightness,  elasticity  and  durability 
of  the  wire  suspension  bridge,  with  the  stiffness  of  the  arch  or  truss, 
forming  a  bridge  capable  of  far  greater  length  of  span  than  can  be  had 
by  either  system  separately. 

Among  the  advantages  secured  then  are  : 

First.  Entire  independence  but  complete  harmony  of  action  between 
the  parts ;  whence  the  investigation  of  either  one  of  the  systems  is  to  be 
made  separately  and  independently  of  the  others,  each  calculated  to  bear 
its  own  weight  and  i  of  the  load.  And  to  secure  this  independence  and 
harmony,  it  is  not  necessary  that  there  be  any  actual  motion  of  the 
cables,  or  suspenders,  but  only  a  certain  elasticity  or  reciprocity  of  action 
between  the  systems,  the  structure  being  built  with  ordinary  care  and 
accuracy  ;  whence  the  use  of  pulleys  at  the  ends  (which  have  been  in- 
troduced in  order  to  illustrate  the  principle,  but  which,  in  case  of  very 
large  cables,  would  be  almost  impracticable),  is  not  at  all  necessary,  but 
any  device  will  answer,  that  secures  reciprocity  of  action,  however  slight, 
between  the  systems. 

Second.  Great  length  of  span.  For  since  each  system  bears  only  one- 
third  of  the  load,  each  can  be  extended  to  greater  lengths  than  when  it 
takes  the  whole  load.  The  usual  calculations  give  the  limit  of  span  of  the 
cables  to  be  4.500  feet,  when  each  bears  only  one-third  of  the  load.  Here, 
however,  the  length  is  limited  to  somewhat  less  than  this,  first  by  the 
arch  itself,  and  second  by  the  limit  in  deflection  that  can  be  allowed  the 
cables.  By  abutting  the  arch  against  the  foot  of  the  piers  and  extending 
its  height  to  that  of  the  towers,  the  length  of  the  arch  bearing  one-third 
of  the  load  can  be  made  very  great,  and  agam  the  arch  may  be  dis- 
carded and  in  its  stead  a  cable  used  (exactly  as  in  ordinary  iron  suspen- 
sion bridges)  to  which  the  suspenders  are  attached,  instead  of  the  arch 
as  described  above.  Except  as  to  matters  of  stiffness,  this  arrangement 
might  be  preferred  to  the  use  of  the  arch. 

Third.  Great  stiffness  in  any  length  of  span,  for  (the  arch  being  used) 
may  be  braced  and  stiffened  somewhat,  as  in  the  bow-string  bridge,  and 
may  be  further  trussed  to  top  girders,  which,  in  case  of  single  spans,  may 
be  placed  between  the  tops  of  the  towers,  to  take  the  horizontal  strain 
of  the  cables.  And  again,  as  each  system  reacts  upon  the  others  through 
the  wire  rope  suspenders,  the  tendency  of  either  cable  to  rise  produces 
only  a  pressure  on  the  ends  of  the  struts. 

A  fourth  advantage  is  the  use  of  just  such  material  and  tools  as  are 
ordinarily  employed  in  bridging,  requiring  no  extra  lengths,  and.  there- 
fore, no  special  plant.  And  the  longer  pieces  used  in  the  construction 
perform  no  important  office,  but  only  that  of  counterbracing  or  struts. 

Hence  follows  a  fifth  advantage,  economy  in  construction,  arising 
from  the  selection  for  combination  of  the  most  economical  plans  for 
taking  the  load  and  transmitting  them  at  once  to  the  ends. 

We  would  call  attention  to  the  light  and  graceful  appearance  of  the 
structure,   and  especially  to  the  advantage   in  regard   to  material  in 
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important  members  and  parts,  being  less  bulky  and  therefore  less  liable 
to  hidden  defects,  besides  a  certain  slight  elasticity  in  the  whole,  so  con- 
ducive to  strength  and  durability  in  case  of  sudden  impact  or  shock,  as 
in  heavy  travel  or  railroad  traffic. 

The  advantage  of  dividing  the  load,  in  order  to  secure  increased  length 
of  span,  can  be  shown  by  this  simple  illustration  :  Suppose  we  had  two 
single  wires  of  equal  deflection  and  fastened  at  ends,  the  first  loaded  to 
its  utmost  capacity,  the  second  bearing  its  own  weight  only;  it  is  evident 
the  latter  will  be  under  much  less  tension  than  the  first ;  and,  therefore, 
the  same  angle  of  deflection  being  preserved,  the  latter  can  be  extended 
to  much  greater  length — to  a  length  limited  by  the  tension  from  its  own 
weight  becoming  equal  to  the  tension  produced  in  the  first  wire  from 
load  and  weight  at  shorter  length. 

Description  of  the  accompanying  figures. 

Fig.  1  represents  a  span  of  1,000  ft.  in  which  one  set  of  double  reacting 
cables  is  used  in  connection  with  the  arch.  In  this  case  a  bridge  of  great 
stiffness  is  had  by  the  use  of  adjustable  struts,  d,  e,  f,  g,  etc.,  in  connec- 
tion with  the  suspension  ropes  as  ties,  for  in  addition  to  the  smaller  pro- 
portion of  the  load  to  the  weight,  it  must  be  remembered  that  any  ten- 
dency of  one  of  the  cables  to  rise,  pulls  with  equal  force  on  the  arch, 
causing  only  a  pressure  on  the  ends  of  the  struts.  The  claim  of  economy 
is  illustrated  in  a  comparison  of  long  spans  of  this  design  vdth  spans  of 
same  length  of  the  other  trusses,  or  cantilever  bridge. 

Fig.  2  shows  a  design  for  securing  such  elasticity  or  reciprocity  of 
action  between  two  cables  in  either  truss  that  they  will  react  upon  each 
other.  The  two  cables,  which  pass  over  the  towers  alongside  of  each 
other,  are  held  apart  a  short  distance  from  the  top  of  the  tower  hj  an 
iron  sector  a  b  c,  the  cables  being  firmly  held  together  at  the  pivotal  point 
c,  a  c  and  b  c  being  radii  of  a  circle,  the  portion  of  the  cables  between  a  c 
and  b  c  will  remain  the  same,  but  any  excess  of  tension  of  one  cable  over 
the  other  will  evidently  be  at  once  equalized  by  the  points  a  and  5  mov- 
ing to  such  position  as  to  lessen  the  sag  of  one  cable  and  increases  the 
sag  of  the  other  cable,  thus  securing  complete  harmony  of  action  between 
the  cables,  though  if  the  structure  is  executed  with  ordinary  care  and 
accuracy,  there  need  be  no  actual  movement  of  the  points  a  and  b. 

Fig.  3  represents  the  general  arrangement  of  the  suspenders  in  cases 
where  the  double  cable  are  used  with  the  arch.  The  suspender  attached 
to  the  arch  may  be  made  to  pass  over  a  small  pulley  (movable  about  a 
bolt  in  the  bottom  girder  at  each  panel)  and  thence  carried  to  one  of  the 
cables  to  which  it  is  attached,  as  usual  in  wire  suspension  bridges  ;  or 
instead  of  the  pulley  a  small  sector  may  be  used,  to  the  radii  of  which 
the  wire  rope  suspenders  are  respectively  attached,  while  a  third  sus- 
pender from  the  other  cable  is  attached  to  the  bolt  about  which  the 
pulley  or  sector  is  movable.  The  cables  may  sag  on  either  side  of  the 
arch. 

When  the  weight  of  the  cables  exceeds  that  of  the  load,  sufficient  stiff- 
ness is  had  by  a  truss  in  connection  with  the  track. 

Fig.  4  shows  the  general  plan  of  a  span  3,000  feet  long,  in  which  two 
sets  of  double  cables  reacting  on  each  other  are  used. 

Fig.  5  shows  the  general  arrangement  of  the  suspenders  and  truss. 
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Four  suspenders  are  let  down  from  the  cables  and  attached  to  two  sectors 
at  each  panel  (or  small  pulleys  instead  may  be  used).  By  the  use  of  the 
two  sets  of  cables  as  in  Fig.  4,  the  limit  of  span  is  increased  to  twice 
that  of  the  single  cable,  or  to  5,000  feet,  when  the  cable  is  deflected  to 
Vth  of  span,  for  in  this  case  the  weight  of  each  cable  is  to  weight  of  load 
and  cable  as  1  is  to  1,5,  when  (in  the  same  case)  it  is  as  1  to  3  in  the 
single  cable. 

The  object  of  this  paper  is  to  draw  out  criticisms  and  suggestions,  in 
regard  to  the  merits  and  demerits  of  this  particular  plan  for  exceedingly 
long  spans,  from  those  experienced  in  this  line  of  work,  and  the  writer 
trusts  it  may  lead  to  such  an  interchange  of  views  as  will  prove  advan- 
tageous to  those  interested  m  this  extremely  interesting  branch  of 
engineering. 

LETTERS  DISCUSSING  MR.    CLARKE'S  PAPER. 

By  Mr.  A.  Gottlieb. 

I  have  read  the  paper  and  examined  the  sketches  treating  the  subject, 
"Proposed  Plan  of  Truss  Bridges  for  Very  Long  Spans."  The  general 
idea  of  the  subject  has  frequently  been  brought  forward,  and  formerly 
also  embodied  in  practice,  but  wisely  abandoned.  Who  has  not  seen  old 
Howe  truss  bridges  combined  with  an  arch  abutting  against  the  masonry  ? 
The  details  proposed  in  the  paper  and  the  forms  used  are  indefinite  and 
not  clear,  and  I  shall  not  enter  into  any  detailed  criticism  of  the  same.  1 
shall  confine  myself  merely  to  stating  my  views  about  the  principle  in- 
volved. 

The  objects  aimed  at  in  any  construction  are  durability  and  safety, 
combined  with  the  utmost  permissible  economy.  The  question  now  is, 
Can  these  objects  be  better  attained  in  construction  of  bridges  (no  matter 
whether  of  long  or  short  spans)  by  combining  two  different  systems,  than 
by  a  single  system?    I  say,  decidedly,  No  !    My  reasons  are  as  follows  : 

First,  as  to  their  durability  and  safety. 

It  is  impossible  to  determine  by  any  arbitrary  assumption  how  much 
of  the  load  or  weight  on  the  bridge  should  be  supported  by  one,  and  how 
much  by  the  other  system.  It  is  impossible,  even  if  the  same  material 
is  used  in  the  construction  of  both,  to  have  the  dead  weights  of  the 
structure  so  equalized,  and  the  mechanical  workmanship  so  perfect,  as 
to  have  any  reasonable  assurance  that  the  allotted  share  of  these  weights, 
and  nothing  more,  .be  carried  by  the  one  or  other  system. 

The  various  applications  of  the  live  and  moving  load,  the  deterioration 
of  material,  still  more  aggravate  the  case.  If  different  materials,  how- 
ever, are  used,  like  iron  in  one  and  wood  in  the  other,  or  wire  ropes  in 
one  and  stiff  rolled  bars  and  plates  in  the  other,  the  difference  in  expan- 
sions and  contractions  under  loads,  or  in  varying  temperature,  are  so 
great  as  to  frustrate  any  accurate  calculations.  The  only  safe  way  would 
be  to  construct  both  systems  so  as  to  carry  the  whole  load,  which  would, 
of  course,  render  one  of  the  systems  entirely  useless. 

In  the  old  Howe  truss  bridges  above  referred  to,  it  was  found  that 
their  unequal  straining  of  the  arch  and  trusses  was  a  detriment  to  both, 
rendering,  in  fact,  both  weaker  than  they  would  have  been  by  them- 
selves.    The  arches  have  therefore  been  abandoned,  and  the  expense  for- 
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nierly  incurred  in  providing  arches  and  heavy  masonry  turned  towards 
strengthening  the  trusses  themselves,  and  with  good  result. 

Second,  as  to  economy. 

Now  supposing  as  granted,  for  argument's  sake,  that  it  would  be  pos- 
sible to  overcome,  in  some  way,  the  objections  stated  in  the  first  part,^ 
where  should  the  saving  come  from? 

If  for  a  certain  span  a  certain  amount  of  material,  and  consequently 
dead  weight  of  bridge,  is  needed  to  support  a  certain  amount  of  live  or 
moving  load,  what  difference  does  it  make  whether  you  put  that  material 
into  one  truss,  one  arch,  one  suspension  bridge,  or  whether  you  put  it 
into  a  rombination  of  two  or  three  such  structures.  On  the  contrary,  it 
is  an  absolute  waste  of  material  as  well  as  labor,  as  well  in  the  shops  a» 
in  erection. 

In  former  times,  when  the  facilities  for  rolling  and  handling  heavy 
pieces  were  not  as  perfect  as  they  are  to-day,  long  iron  bridges  were  con- 
structed with  twin  trusses,  that  is,  two  trusses  used  on  each  side  of  road- 
way instead  of  one  coupled  together.  The  channel  span  of  the  Ohio 
River,  for  instance,  between  Cincinnati  and  Newport,  is  constructed  in 
that  way.  But  it  is  evident  that  were  that  bridge  constructed  of  single 
trusses  only,  for  every  two  pieces  manufactured  in  the  shops  or  handled 
in  erections  only  one  would  have  been  made  and  so  much  expense 
saved. 

Besides,  in  every  structure  there  are  certain  parts,  in  connections  as 
well  as  truss  members,  which  cannot  be  made  as  light  as  the  theoretical 
calculations  would  permit  them  to  be,  consequently  material  must  be 
wasted.  In  one  system  It  is  wasted  once,  in  two,  of  course,  twice. 
Modern  structures  are,  therefore,  made  with  single  trusses  or  arches, 
and  combinations  of  systems  are  avoided. 

April,  1886.  

By  Mr.  Maurice  Seifert. 

Having  read  the  paper  of  Mr.  Clarke  on  very  long  span  bridges  and 
overlooked  the  strain  sheets  and  plans  attached  to  same,  also  perused 
Mr.  A.  Gottlieb's  criticism  concerning  this  paper,  I  am  inclined  to  say 
that  I  fully  concur  with  Mr.  Gottlieb's  view  of  the  matter. 

I  do  not  think  that  this  plan  of  construction  of  a  bridge,  if  accepted 
and  executed,  would  prove  a  practical  success,  as  I  do  not  believe  that 
the  two  systems  would  work  harmoniously  together,  as  the  author 
claims.  Nor  do  I  think  this  manner  of  construction  to  be  more  eco- 
nomical than  any  other  system  of  long  span  bridges  at  present  in  use. 

June,  1886.  

By  Mr.  G.  E.  Bramhall. 

I  have  examined  the  sketch  and  paper  submitted  by  Mr.  James  Free- 
man Clarke,  for  his  combination  truss  and  suspension  bridge. 

While  there  is  no  doubt  a  bridge  of  this  class  may  be  built,  I  am  unable 
to  see  or  understand  the  utility  or  economy  of  such  a  structure. 

Besides,  it  appears  quite  plain  to  my  mind  that  it  will  be  exceedingly 
difiScult,  if  not  impossible,  to  secure  the  harmony  or  reciprocity  claimed 
by  combining  two  principles  so  directly  opposite  in  bridge  building  : 
the  suspension  and  the  truss  and  arch. 
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One  or  the  other  of  the  principles  or  systems  would  necessarily  have 
to  carry  the  burden. 
In  a  word,  I  fully  concur  in  Mr.  Gottlieb's  views. 


REPLY  TO   MR.   A.    GOTTLIEB'S  CRITICISMS. 

By  Mr.  Clarke. 

In  a  paper  suggesting  so  new,  and,  it  may  be  said  so  bold,  an  idea  as  a 
plan  for  building  spans  of  bridges  of  more  than  double  the  length  of  the 
longest  yet  undertaken,  definiteness  and  clearness  in  the  minuter  details 
might  well  be  regarded  as  a  matter  of  secondary  importance. 

Mr.  Gottlieb's  adverse  criticism  is,  perhaps,  largely  due  to  a  lack  of  a 
full  recognition  of  this  fact — that  the  object  proposed  to  be  obtained  by 
the  new  plan  is  not  a  better  nor  a  more  economical  bridge  than  struct- 
ures now  in  use,  but  a  practical  plan  for  longer  spans  than  can  he  had 
by  any  other. 

This  being  the  object  in  view,  no  criticism  which  loses  sight  of  this 
can  be  just  or  of  any  value  as  a  guide  to  the  merits  of  the  plan  under 
<3iscussion,  and  if  it  be  admitted  that  other  plans  are  more  economical 
and  preferable  in  short  spans,  yet  the  claims  are  still  intact,  that  the 
strains  are  here  taken  up  and  transferred  to  the  ends  in  the  most 
economical  manner,  and  that  longer  spans  can  be  had  by  this  than  by 
any  other  plan.  But  in  stating  his  views  about  the  principles  involved, 
it  seems  to  me  Mr.  Gottlieb  must  either  have  failed  to  understand  the 
plan,  or  feared  a  weakness  in  his  argument,  and  therefore  endeavored 
to  create  in  advance  a  prejudice  against  the  proposed  plan,  by  compar- 
ing it  with  that  at  one  time  adopted,  of  strengthening  a  Howe  truss 
bridge  with  an  arch. 

In  the  latter  case,  it  is  evident  the  one  can  only  take  a  share  of  the 
strain,  as  the  other  fails  to  do  so. 

Here,  however,  it  is  equally  evident  upon  examination,  that  a  new  and 
different  arrangement  of  the  suspenders  must  be  made  to  compel  one 
part  of  the  system  to  bear  more  of  the  load  than  the  others  ;  that  with 
the  usual  care  in  the  workmanship,  it  is  as  necessary  for  each  part  to 
bear  an  equal  share  of  the  load  as  it  is  that  action  and  re-action  must  be 
equal. 

And,  indeed,  the  arch  or  truss  is  incidental  and  not  necessary  in  the 
proposed  combination,  since  the  longest  spans  are  obtained  by  combin- 
ing the  wire  suspension  cable  with  itself  in  such  manner  as  to  secure  cer- 
tain and  harmonious  co-operation. 

This  being  true,  Mr.  Gottlieb's  objection  that  it  would  be  impossible  to 
determine  the  exact  strength  needed  for  each  part  necessarily  falls  to 
pieces.  Each  system  being  compelled  to  bear  its  own  weight  and  an 
equal  share  of  the  load  (if  either  bears  any  at  all),  the  calculation  for 
€ach  must  be  the  same  as  for  any  single  structure  of  the  same  plan. 

Any  structure,  especially  any  long  span  bridge,  is  liable  to  the  objec- 
tion urged  for  unequal  expansion  and  contraction  ;  but  surely  the  pro- 
posed plan  is  least  liable  of  all  others  to  this  objection,  since  the  elonga- 
tion or  contraction  of  any  of  its  main  members  can  cause  only  a 
Te-adjustment  of  the  suspenders  and  cables  to  each  other,  for  which  the 
plan  is  especially  provided;  indeed  its  adaptability  to  changes  of  tempera- 
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ture  specially  recommends  it  in  cases  of  very  long  spans,  and  upon  its 
use /or  very  long  spans  its  other  claims  rest. 

For  to  explain,  if  we  have  two  single  wires  suspended  at  equal  angles 
of  deflection,  the  one  loaded  to  its  utmost  capacity,  the  othsr  with,  say, 
only  one-half  of  this  load,  it  is  evident  that,  while  the  former  cannot  be 
extended  at  all  without  breaking,  the  latter  can  be  length  ened  the  same 
deflection,  and,  therefore,  the  same  co-efficient  of  tension  being  pre- 
served till  the  accumulated  weight  from  increased  length  of  wire  equals 
the  tension  in  the  first  instance.  What  is  true  of  one  wire  is  of  course 
true  of  several  put  together,  as  in  a  cable.  Therefore  the  division  of 
the  load  and  lessening  the  weight  on  each  cable  allows  of  an  extension 
of  the  span  beyond  what  can  be  had  where  the  load  is  all  taken  by  one 
cable. 

The  dividing  of  the  load  between  two  or  more  instead  of  one  system, 
is  not  therefore  primarily,  as  Mr.  Gottlieb  seems  to  infer,  the  object  in 
view  ;  but  a  means  by  which  longer  spans  can  be  had,  and  of  rendering 
practical  very  long  spans  by  allowing  the  use  of  material  lighter  and 
more  easily  handled,  in  which  defects  are  less  liable  to  occur  and  more 
easily  detected  when  they  do  occur. 

The  argument,  therefore,  of  a  saving  in  expense  in  manufacturing 
fewer  pieces,  while  entirely  true  in  comparatively  short  spans,  is  reversed 
here,  where  reduction  in  the  size  of  each  piece  is  important,  since  ""all 
the  parts  can  be  made  as  light  as  the  theoretical  calculations  would  per- 
mit them  to  be." 

We  must  conclude,  therefore,  and  think  that  the  unprejudiced  engineer 
who  takes  the  pains  to  investigate  the  matter  will  agree  with  us,  that 
Mr.  Gottlieb  has  failed  fully  to  appreciate  the  purpose  and  aim  of  the 
proposed  plan,  and  therefore  that  his  criticisms  are  not  the  result  of  a 
thorough,  careful  and  impartial  investigation  of  the  subject. 
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By  Theodore   Rosenberg,    Member    of   the   Civil   Engineers'  Club  of 

Cleveland. 

[Read  August  10,  1886.] 


The  special  literature  on  the  subject  on  hand  would  fill  a  good  sized 
professional  library,  and  it  is  not  the  purpose  of  this  paper  to  treat  the 
matter  of  drainage  in  more  than  the  merest  outlines,  while  the  subject 
of  sanitary  plumbing  applied  to  dwellings,  having  come  more  under  my 
special  notice  and  observation,  will  receive  more  consideration.  It  has  long 
been  a  matter  of  astonishment  to  me  how  a  host  of  intelligent  house  owners 
are  liable  to  err  so  glaringly  in  the  choice  of  their  plumbing  apparatus, 
and  remain  so  utterly  oblivious  to  the  necessity  of  an  efficient  drainage. 
We  still  see  the  best  cabinet  finish  around  washbowls,  water-closets  and 
bath  tubs,  all  of  which  are  fitted  with  silverplated  nozzles,  chainstays  and 
other  highly  elegant  appurtenances,  but  which  are  at  the  same  time  very 
improperly  trapped,  insufficiently  vented,  and  their  soil  connection  is 
anything   but  satisfactory.     The  above  finish  serving   only   to  conceal 
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deficiencies,  to  prevent  aeration  around  the  fixtures  and  to  facilitate  the 
accumulation  of  filth,  and  the  generation  of  a  close  smell,  it  has,  for  some 
reason,  become  the  custom  in  certain  quarters  to  term  such  finish,  as 
^'  modern  improvements,"  and  a  house  containing  the  greatest  amount  of 
plumbing,  or  rather  the  concealment  of  the  real  plumbing  apparatus,  is 
frequently  called  a  "  modern  house."  This  might  sound  a  little  prepos- 
terous, but  it  may  be  taken  for  granted  and  could  be  proved  by  numer- 
ous instances  that  the  above  statement  is  not  a  mere  casual  one,  but  that 
it  is  based  on  actual  observation. 

The  root  of  all  the  evil  seems  to  lay  in  the  general  state  of  our  health 
ordinances  and  the  lack  of  system  in  the  arrangement  of  our  city  sewers. 
It  is  not  every  householder's  fancy  to  ventilate  the  public  sewer  through 
the  soil-pipe  in  his  own  dwelling,  and  being  probably  ignorant  of  the  exist- 
ence of  the  appliance  called  fresh  air  inlet,  which,  by  the  way,  is  not  too 
eagerly  recommended  by  the  average  plumber,  he  disposes  of  his  house 
waste  in  the  patriarchal  style  of  his  forefathers  ;  that  is,  he  is  satisfied 
to  construct  a  cesspool  or  even  the  most  pernicious  of  all  the  second  and 
third  rate  sewage  receptacles,  the  privy  vault.  Notwithstanding  the  im- 
perfect system  of  our  city  sewers,  it  is  possible  to  so  effectually  ventilate 
the  soil  pipe  of  a  dwelling,  that  there  seems  to  be  really  no  excuse  for  the 
omission  of  ventilated  sewer  connections. 

The  drainage  of  a  dwelling  goes  hand  in  hand  with  the  building  of 
the  foundation,  in  fact  the  former  should  receive  the  greatest  possible 
attention,  not  only  on  account  of  the  safety  of  the  latter,  but  also 
because  of  the  danger  to  the  health  of  the  inmates  arising  from  faulty 
construction.  But,  alas  !  right  here  is  the  first  disappointment  in  store 
for  the  ambitious  young  architect.  He  has  designed  the  plans  after  due 
consultation,  his  estimates  agree  fairly  with  the  bids  ;  the  elevations  are 
pleasing  to  the  eye,  the  general  appearance  of  the  building  promises  to 
be  advantageous,  the  interior  finish  has  received  the  approval  of  the  lady 
of  the  mansion,  even  the  number  of  closets  was  quite  up  to  her  expecta- 
tions, but  the  architect's  demand  for  an  extra  credit  wherewith  to  provide 
for  a  concrete  foundation  under  the  wall  and  a  French  drain,  and  filling 
in  with  broken  stone  around  the  same,  which  extra  has  turned  up  at  the 
last  moment,  that  is,  as  soon  as  the  excavation  developed  a  dangerous 
subsoil,  meets  a  deaf  ear.  He  is  satisfied  that  he  has  done  his  duty, 
calls  the  attention  of  .the  house-owner  to  the  future  unpleasant  circum- 
stances likely  to  occur  if  his  demand  is  not  granted  and,  finding  his 
warnings  unheeded,  proceeds  with  the  work.  The  building  might  now, 
or  might  not,  be  under  roof  before  the  first  heavy  showers  set  in;  at  any 
rate  it  is  quite  certain  that  there  will  be  a  damp  foundation  to  that 
dwelling,  resulting  in  a  damp  cellar,  with  moldy  wall-faces,  drip- 
ping after  every  shower  or  whenever  the  ground-water  rises  above 
the  level  of  the  cellar  floor,  and  after  the  furnace  has  been  work- 
ing for  some  time  there  will  be  a  peculiar  smell  in  the  rooms 
above  the  cellar  not  unlike  that  of  a  newly  plowed  field,  and 
the  spring  is  likely  to  announce  its  appearance  by  a  gentle  peel 
ing  off  of  plastering,  caused  by  the  ascending  moisture,  which 
pervades  the  spaces  between  the  studdings  ;  in  short,  after  a  year  or  two 
of  habitation  every  one  of  the  warnings  of  the  architect  have  proved  to 
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be  well  founded,  and  all  manner  of  means  are  resorted  to  to  remedy  the 
evil ;  but,  in  most  cases,  this  is  a  hopeless  task.  Now,  what  should  have 
been  done  in  the  first  place,  provided  the  subsoil  was  not  perfectly  dry, 
was  to  deepen  the  trenches  some  12  or  18  inches  below  the  under  side  of 
the  footings,  and  also  extend  such  deepening  sideways  all  around  the 
walls  about  one  foot  wide,  to  fill  the  whole  subtrench  with  dry  spalls 
or  coarse  gravel,  to  grade  the  same  toward  one  or  two  points  from  which 
one  or  more  drains,  filled  like  the  subtrench,  ought  to  have  been  run 
toward  an  auxiliary  dry  well  of  proper  capacity  to  receive  the  subsoil 
drainage  and  carry  it  safely  away  from  beneath  and  around  the  house. 
It  would  have  been  only  proper  to  cover  the  outside  face  of  the  wall 
with  cement  morlar  and  finish  up  with  a  layer  of  hot  asphaltum  of  tar 
up  to  the  grade  line,  where  a  damp  proof  course  of  slate  should  have 
been  laid  in  pure  cement  between  the  wall  courses.  It  is  needless  to  add 
that  the  cellar  floor  should  have  received  the  same  treatment,  but  it 
might  be  assumed  that  there  was  an  appropriation  granted  for  such 
purposes.  Of  course  there  are  different  ways  by  which  to  attain  the 
same  result.  There  might  have  been  a  line  of  drain  tiles  used,  with  or 
without  a  solid  layer  of  concrete  under  the  footings,  or  in  some  cases 
low  arches  in  rubble  might  have  been  necessary,  but  such  construction 
as  first  outlined  will  suffice  in  the  majority  of  cases.  None  of  the 
methods  indicated  having  been  employed,  however,  in  the  case  in  hand 
the  results  hinted  at  above  are  sure  to  follow,  and  no  amount  of  panel- 
ing, wainscotting  or  Moorish  fretwork,  not  even  the  innocent  device  of 
a  gilded  wood  shovel  below  two  Japanese  fans  above  the  hall  mantel, 
or  a  Chinese  parasol  at  the  parlor  frieze  will  effectually  assist  in  con- 
verting that  ill-fated  house  into  a  healthy  home.  All  this  and  a  vast 
deal  more  has  been  said,  read  and  written  by  our  foremost  sanitary 
engineers,  with  more  or  less  visible  results,  principally  less,  the  further 
west  we  go,  and  the  denser  the  population  grows  in  and  around  manu- 
facturing cities. 

My  suggestions,  however,  refer  more  particularly  to  looal  matters.  It 
will  probably  be  a  suprise  to  you  to  hear  that  drainage  and  sewerage  are 
conceived  to  mean  the  same  thing,  still  I  have  often  heard  people  express 
their  astonishment  at  their  being  blessed  with  a  damp  cellar — which 
they  did  not  specify  in  particular,  but  got  it  nevertheless — while  they  had 
paid  the  plumber  so  much  and  had  all  "modern  improvements"  in  their 
houses.  To  many  people  it  is  likewise  a  conundrum  how  the  architect 
should  be  able  to  know  so  much  of  the  business  of  his  neighbor,  the 
plumber,  whose  sign  teaches  you  that  he  is  not  merely  a  book-learned, 
but,  on  the  contrary,  a  practical  plumber,  who  has  served  his  time,  sir, 
and  is  employed  just  now  at  putting  in  a  business  block,  steam-fitting, 
gas-piping  fixtures,  and  all  the  plumbing,  worth  in  all  several  thousand 
dollars — proof  enough  of  his  practical  and  theoretical  knowledge. 

It  would  tax  your  patience  beyond  the  purpose  of  this  paper  were  I  to 
cite  the  many  instances  in  which  I  have  observed  the  most  glaring  mis- 
takes and  wanton  neglect  perpetrated  by  members  of  that  often 
slandered  craft  whose  very  name  creates  a  feeling  of  yearning  in  the 
heart  of  many  a  good  housewife  for  the  end  of  all  things  domestic  and 
sanitary.     Still  we   must  have  plumbing  apparatus,  properly  applied, 
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judiciously  selected,  and,  first  of  all,  its  construction  should  be  watched 
most  assiduously.  The  time  spent  upon  that  task  will  be  amply  repaid. 
And  it  may  be  stated  right  here  that  the  money  intelligently  expended 
upon  the  plumbing  apparatus  will  bear  interest  at  an  incalculable  rate. 
There  must  be  a  limit  to  all  things  and  the  sooner  the  prospective  house 
dweller  limits  the  expenditure  or  the  different  items  likely  to  makeup 
his  house  the  better  he  will  be  off.  If  he  consults  an  architect  he  might 
in  the  majority  of  cases  facilitate  matters.  But  the  course  of  true  building 
never  did  run  smooth  and  the  fact  that  the  neighbor's  porch  is  just  the 
thing  that  is  wanted  and  the  other  neighbor's  Queen  Mary  Ann  Eliza's 
front  gable  is  compulsory,  while  there  are  over  town  two  dormers  on  some 
crazy  quilt  roof  that  are  just  too  lovely  for  anything,  works  so  much  to 
alter  original  plans,  arrangements  and  estimates,  that  the  architect,  who 
had,  so  to  speak,  been  on  a  high  horse  and  had  specified  the  very  best  plumb- 
ing in  the  market,  all  connections  perfect,  in  the  very  best  and  strongest 
manner,  and  so  forth,  with  grace,  contents  himself  finally  to  modestly 
remark  something  about  a  four-inch  cast  iron  soil-pipe,  is  satisfied  with 
galvanized  steel  sinks  in  place  of  the  celebrated  earthenware  patterns, 
and  otherwise  is  very  much  disheartened,  except  when  he  concludes 
that  the  whole  plumbing  system  is  subject  to  rigid  inspection  by  the 
health  board,  and  will  be  accepted  only  after  satisfactory  peppermint 
test,  etc.  Result :  The  house  is  a  very  fair-looking  one,  with  a  very  frail 
soil  stack  fastened  by  thin  strips  of  iron  to  the  frame-work,  and  the  fixt- 
ures are  in  turn  supported  by  the  floors.  The  frame- work  shrinks  most 
intricately,  the  fastenings  designed  to  connect  floor  and  fixtures  change 
their  places  in  some  mysterious  manner,  connections  show  appalling  fis- 
sures, and  everybody  is  in  despair  except  the  plumber,  whose  bill  for  repairs 
by  this  time  commences  to  assume  the  proportion  of  that  for  the  new 
work.  Some  years  go  by,  and  the  bills  return  with  never-failing  regu- 
larity. This  is  not  wholly  the  plumber's  fault,  although  from  the  way 
in  which  the  craft  has  been  criticised  by  men  of  undoubted  professional 
standing,  it  would  appear  that  the  greater  part  of  the  blame  may  be  laid 
to  the  plumber.  I  have  had  very  bad  and  very  good  results  with 
plumbers— according  to  the  time  I  was  able  to  employ  in  the  supervision 
of  their  work.  I  had  the  best  results  where  I  could  purchase  the  mate- 
rial and  have  the  work  done  by  the  day.  By  best  results  I  mean  that  the 
work  was  done  for  an  amount  below  the  lowest  bid  for  labor  and  ma- 
terial, and  better  in  regard  to  workmanship.  But,  as  the  supervision 
costs  money,  the  work  was  done  at  an  expense  to  the  owner  certainly 
not  less  than  the  lowest  bid — but,  then,  the  work  was  better  in  every  re- 
spect. 

The  foregoing  remarks  would  seem  to  indicate  that  good  plumbing 
work  cannot  be  had  except  under  the  personal  supervision  of  the  archi- 
tect. This  is  true  if  applied  to  individuals.  Candor  compels  me  to  state 
that  there  are  a  number  of  conscientious  plumbers  to  select  from  in  this 
city  and  elsewhere,  and  the  architect,  if  left  to  himself,  is  generally  able 
to  select  a  good  plumber,  as  he  certainly  will  in  the  interest  of  his  own 
professional  standing.  The  architect  who  is  bound  to  have  perfect  soil 
connections,  such  as  are  not  apt  to  leak  and  will  be  rigid  and  gas  tight 
when  in  common  use  in  dwellings,  will  have  to  specify  heavy  or  double 
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thick  cast  or  wrought  iron  pipe,  carefully  tested  as  to  equal  thickness, 
enameled,  tarred,  or  rendered  not  susceptible  to  rust  by  some  process  ; 
all  joints  to  ba  calked  with  lead  and  oakum,  or  screw  jointed  ;  he  wall, 
to  insure  saving,  place  as  many  fixtures  as  convenient  around,  and  dis- 
charge from  them  into  one  common  stack  of  soil  pipe,  w^hich  latter  he 
will  extend  full  width  and  with  mouth  wide  open  above  the  roof,  being 
careful  not  to  bring  the  mouth  below  the  top  level  of  any  living  room. 
The  lower  en-d  of  the  soil  stack  will  be  trapped  by  a  running  or  "  S  " 
trap,  with  a  hand  hole  and  tap  screw  on  the  sewer  side,  and  a  fresh-air 
inlet  on  the  house  side  of  the  trap. 

The  w^all  outlet  of  the  fresh  air  inlet  pipe  he  will  place  so  as  not  to 
vitiate  the  air  in  living  rooms  should  a  down  draft  change  the  current  of 
air  in  the  soil  stack,  or  else  he  will  run  the  fresh  air  pipe  into  a  yard 
outlet,  some  eight  or  ten  feet  above  ground — where  applied  to  detached, 
or  semi-detached  dwellings,  or  in  a  city  dwelling,  or  flat,  he  will  place 
the  fresh  air  inlet  under  the  sidewalk  next  to  an  inspection  chamber  :  or 
he  will  employ  a  disconnecting  trap. 

Before  going  over  to  plumbing  fixtures,  we  might  turn  to  the  respec- 
tive merits  of  lead  and  oakum,  and  screw  joints,  the  latter  being  prefer- 
able on  account  of  their  absolute  gas-tight  fit.  You  are  aware  that  only 
wiought-iron  pipe  of  a  certain  section  can  be  gas-tight  screw-jointed. 
Moreover,  the  wrought-iron  soil  pipes,  being  di'iven  round  a  mandril,  are 
almost  absolute  if  not  quite  equal  in  thickness  throughout — at  least  they 
are  guaranteed  to  be  so.  We  also  know  that  cast-iron  pipe,  being  cast 
either  hub  or  spigot  end  up,  or  horizontal,  shows  in  the  latter 
case  unequal  thickness  on  the  transverse  section,  and  in  either  of 
the  two  other  cases  on  the  longitudinal  section — a  very  bad  fault 
if  you  have  to  deal  with  uniform  pressure  from  the  shape  of  the 
hub,  which  is  by  no  means  uniform.  You  will  see  how  many  chances 
there  are  for  the  plumber  to  slight  his  work,  even  if  he  has  done  his  best, 
what  becomes  of  the  pipe  which  is  fastened  to  the  uprights  or  simply, 
as  is  very  often  the  case,  nailed  to  a  board,  which  is  in  turn  nailed  to  the 
plaster,  in  case  (and  it  is  always  the  case  in  frame  houses)  the  framework 
shrinks  and  settles.  From  the  nature  of  the  joint  in  the  cast-iron  jDipe 
you  will  also  see  that,  no  matter  how  carefully  the  joint  is  prepared,  there 
is  an  interruption  in  the  run  of  the  inner  surface  of  the  pipe,  which  will 
hold  solid  matter — a  very  serious  objection  to  its  use.  The  same  objec- 
tion naturally  arises  at  each  and  every  joint  at  connections.  All  these 
circumstances  go  to  show  that  for  rigidity,  perfection  of  joints  and 
smoothness  of  inner  surface  of  pipe  cast  iron  takes  in  every  instance 
second  place,  besides  seriously  injuring  the  strength  of  the  wooden 
structure,  as  in  floors,  etc.  Still  another  objection  to  its  use  is  the  short 
length  of  sections,  not  much  over  five  feet,  by  a  diameter  of  three  and 
four  inches  respectively,  necessitating  the  use  of  so  many  more  imperfect 
joints,  and  multiplying  the  dangers  arising  from  leaks,  while  wrought- 
iron  screw-jointed  pipe  is  turned  out  in  sections  of  24  feet  length  each 
for  the  diameters  mentioned.  The  heaviest  fixtures  now  in  use  can  be 
safely  and  rigidly  supported  by  their  connection  pipe  simply,  without 
needing  any  support  from  the  floor.  In  this  way  the  \vrought-iron  soil 
stack,  with  its  connections  and  fixtures  from  point  above  roof  to  junction 
with  sewer  may  be  made  a  perfectly  rigid  unit. 
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The  importance  of  such  an  arrangement  is  obvious,  and,  taken  in  con- 
nection with  the  fact  that  wrought  iron  screw  jointed,  pipe,  as  described, 
is  of  standard  section  and  uniform  throughout,  makes  every  case  reliable, 
if  such  pipes  are  inteUigently  placed  in  a  dwelling  open  to  inspection  ; 
all  connection  with  water-closet  bowls,  wash-basins,  bath  tubs,  wash- 
trays,  sinks  and  slop-hoppers  are  fitted  with  brass  nippies.  The  system 
described,  on  which  a  patent  is  held  by  the  Durham  House  Drainage 
Company,  is  preferable  to  any  other  for  durability,  safety  and  facility  of 
repair.  I  do  not  venture  to  predict  a  millenium  in  the  plumbing  trade, 
or  the  possibility  that  everybody  might  be  his  own  plumber,  but  the  fact 
is  noteworthy  that  such  pipes  can  be  screwed  together  and  set  up  by 
mechanics  who  have  not  had  the  advantage  of  graduating  from  some 
plumbing  academy,  where,  it  seems,  the  system  of  additional  multipli- 
cation is  taught  as  an  introductory  to  the  important  knowledge  how  to 
wipe  a  joint. 

While  it  is  an  often  observed  recurrence  that  pipes  of  too  large  a 
diameter  are  used  for  soil  stacks,  it  is  noticeable  that  a  three-inch  cast 
iron  stack,  aside  from  its  deficiency  in  the  material,  would  not  be  stable 
enough  to  independently  run  through  a  two  or  three  story  house,  while 
a  wrought  iron  stack  of  such  diameter  will  answer  this  purpose  every 
time.  Such  a  wrought  iron  pipe  will  accommodate  all  the  fixtures  in  a 
dwelling  inhabited  by  from  six  to  eight  adults.  In  fact,  the  number  of 
fixtures  should  be  limited  to  as  few  as  a  family  can  possibly  get  along 
with — say  an  efficient  water-closet,  one  bath-tub,  one  washstand,  one 
sink,  one  wash-tray,  and  one  boiler,  to  which  we  may  add  a  slop-hopper. 

As  to  the  water-closet,  which  might  be  a  combined  bowl,  slop-hopper 
and  urinal,  not  enough  caie  can  be  taken  in  the  selection  of  a  pattern. 
The  requirements  of  modern  sanitary  engineering  will  demand  that  it 
be  simple  in  its  construction,  with  automatic  flush,  powerful  discharge, 
and  so  placed  that  it  may  be  under  constant  inspection.  Of  course, 
this  means  that  it  should  not  be  boxed  up,  but  stand  forth  in  absolute 
nakedness,  with  no  more  woodwork  to  it  than  the  seat.  The  best  bowJs 
are  made  of  earthenware,  porcelain  or  glass,  bowl  and  trap  in  one  piece. 
When  we  remember  the  pan-closet  made  of  cast  iron  with  all  the  appen- 
dages not  necessary  to  mention,  we  must  admit  that  great  strides  have 
been  made  since.  There  is  as  much  difference  bet  ween  the  old  pan-closet 
and  the  all  china  washout  closet  witli  flushing  rim,  grooved  bowl  and 
sure  water  seal,  as  between  the  cast-iron,  smooth  bore  muzzle  loader 
and  a  steel-bronze  field-piece.  Yet  with  all  these  patented  devices 
an  anti-siphon  trap,  that  is,  a  trap  which  will  keep  its  water-seal  by 
regular  automatic  renewal  must  be  provided  to  such,  or  any  other 
water-closet,  or  it  will  be  inefficient  and  may  become  dangerous  as  well 
as  its  cast-iron  ancestor,  the  pan-closet.  It  must  be  further  provided 
with  a  seat  or  bowl-vent  and  a  trap-vent.  The  latter  is  the  most 
important  one,  since,  as  the  name  implies,  it  keeps  the  contents  of  the 
trap  exposed  to  the  air  current  in  the  soil-pipe.  Where  there  is  a 
never  failing  and  powerful  water-supply  flushing  the  trap  every 
time  it  is  used  with  unerring  certainty,  such  vent  might  be 
dispensed  with  were  it  not  for  the  column  of  air  ascend- 
ing    at     every     action     of     the     closet,      which     air     would      find 
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its  way  into  the  rooms  of  the  house.  While  necessity  of  this  precaution 
is  obvious,  it  should  not  be  forgotten  that  the  room  in  which  the  bowl  is 
placed  must  be  kept  constantly  aerated  by  means  of  window  ventilators 
or  otherwise — and  it  is  also  quite  apparent  that  while  a  water-closet 
might  be  considered  safe  and  well  ventilated  by  itself,  the  placing  thereof 
off  a  living  room  should  not  be  attempted.  I  would  even  go  so  far  as 
to  prefer  the  location  of  a  water-closet  bowl  in  a  room  entirely  by  itself, 
and  not  in  the  bathroom,  as  is  the  most  frequent  practice.  Since 
the  water-closet  and  a  number  of  other  fixtures  discharge  into  the 
same  soil-pipe,  it  follows  that  all  such  fixtures  must  be  kept  ventilated 
by  means  of  trap- vents  and  also  by  so-called  back-vents.  Washstands 
placed  in  or  off  sleeping  or  other  living  rooms  need  constant  care  in  this 
respect,  and  for  the  perfect  cleanliness  of  all  fixtures  it  is  not  sufficient 
to  provide  them  with  the  devices  as  described,  they  must  be  continually 
looked  after  and  frequently  cleaned  in  all  their  accessible  parts.  Wash- 
bowl, bathtub  and  sink  waste  pipes  should  be  frequently  flushed,  even 
when  often  used,  and  scoured  by  means  of  a  hand  brush  or  a  brush  at- 
tached to  a  wire. 

All  the  benefit  surely  to  arise  from  the  employment  of  good  traps  and 
vents  is  set  at  nought  if  a  constant  current  of  air  is  not  made  to  circulate 
through  the  whole  system  of  piping.  This  is  accomplished  by  the  loca- 
tion of  a  fresh-air  inlet  pipe  as  indicated  above.  This  pipe,  if  properly 
placed,  will  keep  the  inner  surface  of  the  soil-pipe  exposed  to  the  action 
of  the  atmospheric  air,  and  will  oxidize  the  adherent  matter.  The  soil- 
pipe  should  be  placed  so  as  to  leave  the  house  by  the  shortest  route.  If 
this  is  not  possible,  sufficient  fall  should  be  given  it,  and  all  turns  should 
be  made  by  as  large  a  radius  as  possible.  The  soil-pipe  within  any  part 
of  the  house  must  be,  of  necessity,  of  homogeneous  material,  and  for  some 
distance  beyond  the  same,  according  to  circumstances.  Where  running 
through  walls  it  should  be  arched  over  or  otherwise  protected  from  the 
pressure  of  the  stonework  upon  it. 

The  connection  of  the  soil-pipe  w^ith  the  sewer  must  be  interrupted  by 
the  water  seal  in  a  running  trap,  and  great  care  must  be  taken  in  this 
particular.  This  seal  once  broken  from  any  cause  will  admit;  sewer  air 
into  the  house,  and,  according  to  the  location  of  the  connected  fixtures, 
even  into  living  rooms. 

Having  thus  briefly  spoken  on  the  subject  of  soil-pipe  connection,  I 
must  revert  to  the  matter  of  boxing-in  of  fixtures,  already  alluded  to. 
It  is  beyond  the  imagination  of  a  conjurer  to  perceive  the  one  thousand 
and  one  reasons  people  of  average  intelligence  will  give  for  their  favorite 
idea  of  the  fitness  of  things  in  this  respect.  We  cannot  very  well  have  a 
planished  copper  bath-tub  stand  out  in  unchaste  nudity,  simply  because 
it  would  become  buckled  or  broken  if  left  so,  and  not  everybody  can 
afford  the  luxury  of  an  all  China  or  alabaster  bath-tub,  but  for  the  tight 
boxing  up  of  any  other  kind  of  fixture,  there  is  not  the  vestige  of  an 
excuse.  Take,  for  instance,  a  kitchen  sink.  There  is  no  name  for  the 
accumulation  of  all  kinds  of  things  that  will  find  their  way  into  a  sink 
box,  and  the  ingenuity  of  an  ordinary  housemaid  is  something  wonder- 
ful in  storing  up  the  most  heterogeneous  articles  in  such  a  receptacle. 

Where  pipes  are  in  danger  of  injury  if  the  fixture  is  left  without  box- 
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ing,  a  wire  screen  with  wide  meshes  in  a  detachable  frame  will  suffi- 
ciently protect  them.  The  English  practice  of  late  is  to  give  pipes  and 
traps  a  decorative  form  and  nickelplate  or  bronze  exposed  pipes.  I 
admit  that  lead  pipes  do  not  runge  among  the  list  of  house  decorations, 
but  we  must  consider  that  they  are  articles  of  necessity,  not  of  beauty, 
and  should  they  be  treated  according  to  their  purpose. 

I  have  not  touched  on  the  connection  of  the  soil  pipe  with  the  public 
sewer,  this  being  generally  a  subject  within  the  range  of  the  sanitary 
specialist. 

ABSTRACT  OF  DISCUSSION  OF    MR.   ROSENBERG'S    PAPER,   AUGUST  10,    1886. 

Mr.  HoUoway  :  We  have  listened  with  much  pleasure  to  Mr.  Rosen- 
berg's paper.  You  will  notice  that  he  recommends  wrought-iron  pipes.. 
Some  people  think  that  wrought  iron  is  subject  to  greater  corrosion  than 
cast  iron. 

Mr.  Rosenberg  :  We  do  not  run  wrought-iron  pipe  in  the  ground. 

Mr.  Barber  :  Would  it  not  be  a  good  plan  to  put  an  open  ventilating^ 
pipe  on  the  outside  wall  ? 

Mr.  Rosenberg  :  It  would  be  better  on  the  inside  wall  on  account  of  the 
changes  of  temperature. 

Mr.  Barber  :  Why  would  it  not  be  a  good  practice  to  run  a  small  trap 
right  out  on  to  the  roof  ? 

Mr.  Richardson  :  Our  City  Council  passed  an  ordinance  at  their  last 
meeting  to  have  such  pipes  put  on  their  buildings.  I  do  not  think  that 
trap  would  be  liable  to  siphon.  Traps  that  siphon  are  those  connected 
with  long  pipes. 

Mr.  Rawson  :  A  city  ordinance  requires  that  the  ventilating  pipe  be 
connected  with  the  heat  flue. 

Mr.  Richardson  :  It  is  not  necessary  that  this  soil  pipe  should  draw,  or 
that  the  sewer  gas  should  go  up  the  pipe.  It  only  provides  that  the 
sewer  gas  should  go  outside  if  there  is  any  pressure  on  it.  Sewer  gas  is 
formed  not  only  in  the  street,  but  may  be  found  in  all  the  pipes  in  the 
house.  It  is  well  to  take  another  pipe  and  connect  it  with  the  hot-air 
flue.  It  is  not  advisable  to  attach  a  pipe  to  the  chimney  as  it  might  force 
gas  into  the  house. 

Mr.  Rosenberg  :  Prof.  Clarke  advises  to  put  all  the  pipes  in  connection 
either  with  the  hot-air  furnace  or  the  smoke  flue. 

Mr.  Holloway  :  The  outlets  in  our  sewers  are  unprotected.  It  seems 
to  me  that  a  strong  wind  must  produce  pressure.  They  ought  to  be  pro- 
tected in  some  way. 

Mr.  Whitelaw:  That  is  where  that  ventilating  pipe  comes  in.  It  has. 
been  suggested  that  swing  doors  should  be  provided  at  the  lake  end. 

Mr.  Oviatt  :  Some  years  ago  all  the  sewers  were  provided  with  protec 
tion  walls.     Swing  doors  were  proposed,  but  the  other  plan  was  thought 
the  better  for  all  those  going  into  the  lake  on  this  side  of  the  river,     A 
strong  wind  increases  the  current  in  the  main  sewer. 

Mr.  Holloway:  On  wintry  days  you  notice  a  current  of  gas  coming  out 
of  the  sewer.  I  should  think  that  the  sewer  should  be  protected  in  front 
to  obviate  this. 

Mr.  Oviatt :  Some  of  our  sewers  are  troublesome  by  reason  of  sewer 
gas. 
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Mr.  Rawson  :  It  is  customary  in  some  cities  to  allow  this  to  escape 
through  perforated  manhole  covers. 

Mr.  HoUoway:  That  simply  divides  it,  and  gives  every  one  a  little. 

Mr.  Oviatt  :  It  discharges  all  the  gas  in  the  main  street.  It  reduces 
the  difficulty  somewhat  by  allowing  an  outlet  in  the  centre  of  the  city. 
There  is  great  difference  of  opinion  among  sanitary  engineers  in  this 
matter. 

Mr.  Hollo  way:  Do  they  not,  in  some  cities,  connect  them  with  some 
large  manufacturing  company's  chimney? 

Mr.  Rosenberg  :  One  is  to  be  so  connected  with  a  manufactory  in 
Northampton,  Mass. 

Mr.  Richardson  :  Colonel  Waring  does  not  believe  in  back-vents  because 
he  thinks  that  with  them  a  down  draught  is  likely  to  occur. 

Mr.  Rosenberg  :  Would  it  not  be  well  to  unite  as  many  as  possible  of 
these  back-vents  in  a  single  stack  and  so  make  a  new  architectural 
feature  ?  The  Decorator  and  Furnisher  has  lately  exhibited  some 
examples  of  exposed  plumbing  fixtures,  making  those  unsightly 
appliances  decorative  features,  and  facilitating  the  cleaning  of  kitchen 
and  pantry  sinks  by  making  them  detachable  from  the  pipes. 

Mr.  Barber  :  It  has  occurred  to  me  that  we  might  adapt  some  of  the 
principles  of  mine  ventilation  to  the  ventilation  of  sewers.  In  surveying 
mines  I  have  had  my  hat  taken  off  by  the  draught.  The  minute  you 
open  the  back  door  there  is  a  strong  draught  right  into  the  mine.  So 
there  would  be  into  the  sewer,  if  sufficient  difference  was  made  between 
the  density  of  the  air  in  the  sewer  and  outside.  The  temperature  is 
always  warm  in  the  mine.  If  the  air  in  the  sewer  was  rarified  by  fans 
or  other  appliances,  there  would  always  be  a  draught  into  the  sewer 
at  openings.  The  mouths  of  the  sewers  as  well  as  the  ends  must  be  pro- 
tected. 

Mr.  Hollo  way :  Ventilation  in  large  mines  is  produced  in  two  ways, 
natural  and  artificial.  In  the  former  air  goes  in  at  the  main  entrance. 
There  is  what  is  called  a  protection  wall.  The  current  is  always  in  one 
direction.  The  air  usually  goes  in  through  a  downward  shaft,  is  then  car- 
ried through  the  mine  and  goes  out  at  an  upward  shaft.  Where  there 
are  many  shafts,  as  in  vein  mining,  special  means  are  required  when  a 
little  distance  from  the  main  current  is  reached.  Sometimes  natural 
currents  are  sufficient.  A  draught  at  the  mouth  of  a  drift  may  be 
diverted  by  an  upright  partition,  or  a  horizontal  partition  of  planks  may 
be  constructed  along  the  roof  or  floor  for  an  airway.  The  water  blast  is 
another  simple  arrangement.  A  current  of  air  is  blown  through  square 
pipes  made  of  boards,  or  through  cylindrical  pipes  of  sheet  zinc.  Some- 
times small  fans  are  used  driven  by  boys  or  by  machinery. 

Mr.  Barber :  There  are  many  large  mines  where  the  mine  is  not 
level  and  where  the  air  along  the  passage  goes  down  grade. 

Mr.  Oviatt :  The  upper  end  of  the  sewers  here  is  usually  from  75  to  125 
feet  above  the  outlet. 

Mr.  Barber  :  I  understand  Mr.  Rosenberg  that  it  has  been  the  aim  to 
draw  air  out  of  the  sewer.  If  air  is  drawn  out  some  quantity  must  go  in 
somewhere  ;  therefore,  if  a  sufficient  difference  of  pressure  could  be  pro- 
duced between  inner  and  outer  by  rarefying  the  air  in  the  sewer,  venti- 
lation by  means  of  the  in-draught  might  be  accomplished. 
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Mr.  Eichardson  :  I  think  Mr.  Barber's  method  is  practicable,  if  the  fans 
or  machinery  could  be  made  powerful  enough  to  overcome  the  difference 
of  temperature. 

Mr.  Ritchie  :  Suppose  you  admit  air  suddenly,  would  it  not  siphon  all 

the  traps  in  the  city? 

Mr.  Richardson  :  It  would  siphon  the  pipes. 

Mr.  Barber  :  Whether  it  would  siphon  the  pipes  or  not  would  depend 
upon  the  pressure. 
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BOSTON  SOCIETY  OF  CIVIL   ENGINEERS. 


December  15,  1886  :— A  regular  meeting  of  the  Boston  Societj"  of  Civil  Engi- 
neers was  held  and  called  to  order  at  7:30  p.  m.  In  the  absence  of  the  President 
and  Vice-President,  Mr.  Thomas  Doane  was  elected  chairman.  Thirty-four 
Members  and  three  visitors  present. 

The  record  of  the  last  meeting  was  read  and  approved. 

Mr.  George  S.  Morrill  was  elected  a  Member  of  this  Society. 

Messrs.  W.  B.  Billings,  W.  S.  Brown,  G.  W.  Hamilton,  C.  A.  Pearson  and 
J.  Sondericker  were  proposed  for  membership,  recommended  respectively  by 
D.  Brackett,  A.  F.  Noyes  ;  M.  M.  Tidd,  F.  C.  Coffin  ;  S.  Perkins,  C.  E.  Put- 
nam ;  T.  Doane,  G.  A.  Kimball  ;  G.  Lanza,  G.  F.  Swain. 

The  Committee  appointed  at  the  last  meeting  to  consider  and  report  on  the 
communication  from  the  Am.  Soc.  C.  E.  presented  its  report,  which  was  accepted 
and  adopted  and  a  copy  ordered  to  be  sent  to  the  Am.  Soc.  C.  E. 

On  motion  it  was  voted  :  That  four  dollars  of  the  initiation  fee  due  from  N.  H. 
Crafts  be  assumed  by  the  Society  in  consideration  of  his  previous  membership. 

Mr.  Lawrence  Bradford  read  a  paper  on  Hydrographic  Surveying. 

Mr.  D wight  Porter  exhibited  and  explamed  the  Acme  Cement  Testing  Machine, 

A  discussion  followed  on  the  distribution  of  rainfall  by  the  wind  and  the 
mountain  ranges  of  the  world,  opened  by  Desmond  Fitz  Gerald . 

[Adjourned.'l  H.  L.  Eaton,  Secretary. 


ENGINEERS'  CLUB  OF  ST.  LOUIS. 


April  14,  1886  :— The  meeting  was  called  to  order  at  8:30 by  President  McMath. 
Mr.  Edw.  Flad  was  elected  Secretary  pro  tcm. 

The  minutes  of  the  last  meeting  were  read  and  approved. 

The  Executive  Committee  recommended  Mr.  Juo.  A.  Sobolewski  for  election. 
He  was  balloted  for  and  elected. 

The  Entertainment  Committee  reported  that  the  funds  collected  for  the  collation 
were  just  sufficient  to  defray  expenses.  The  Committee  was  given  a  vote  of  thanks 
and  discharged. 

No  special  subject  had  been  provided  for  discussion.  Mr.  Bruner  presented  an 
original  method  of  preparing  stones  and  cements  for  testing  the  tensile  strength. 
Mr.  Macklind  held  a  discourse  upon  the  past  and  present  grades  of  the  streets  of 
St.  Lous,  and  the  durability  of  various  asphaltum  pavements. 

Mr.  M.  L.  Holman  explained  the  construction  of  the  "  Ciirvograph"  in  iti 
primitive  simplicity.     General  discussion  followed. 

[Adjourned.}  Edw.  Flad,  Secretary  pro  tern. 


December  1,  1886  :— The  Club  held  its  annual  meeting  at  Mercantile  Library, 
President  McMath  in  the  chair,  fifteen  Membeis  and  one  visitor  present. 

Minutes  of  last  meeting  were  read  and  approved. 

The  report  of  the  meeting  of  the  Executive  Committee  December  1  was  read. 

The  Committee  reported  the  resignations  of  Jacob  Johann  and  J.  L.  Stubble- 
field. 

On  recommendation  of  the  Executive  Committee,  Wm.  L.  Seddon.  Beuj.  F. 
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Crow,  Chas.  W.  Bryan  and  Otis  Breden  were  balloted  for  and  elected  to  member- 
ship. 

The  Secretary  then  read  his  report  for  the  past  year. 

secretary's  report. 

Your  Secretary  respectfully  submits  the  following  report  of  the  work  of  the  Club 
for  the  past  year,  including  the  last  annual  meeting,  and  up  to  the  present  meeting. 

There  have  been  thirteen  regiilar  meetings,  at  ten  of  which  papers  were  read. 
The  members  contributing  papers  were  :  T,  D.  Miller,  J.  B.  Johnson  (2),  J,  A. 
Seddon,  P.  M.  Bruuer,  C.  M.  Woodward,  S.  B.  Russell,  R.  E.  McMath,  Robert 
Moore  and  M.  L.  Holman. 

Nine  new  Members  have  been  received  into  the  Club,  and  eight  lost— four  having 
resigned,  and  four  having  been  dropped  from  its  rolls.  The  total  membership  is 
now  ISO,  of  whom  90  are  classed  as  resident  and  29  as  non-resident,  and  one 
honorary.  The  following  statistics  in  regard  to  our  membership  may  be  interest- 
ing. Of  the  90  resident  Members,  11  are  engaged  outside  of  the  city,  19  are  in  the 
service  of  the  city  government,  11  in  that  of  the  general  government,  10  are  con- 
nected with  Washington  University,  and  the  remaining  39  are  engaged  in  various 
branches  of  engineering  in  this  city. 

The  average  attendance  at  the  Club's  meetings  has  been  1 9.  All  the  meetings  have 
been  held  at  Mercantile  Library,  and  at  each  meeting  the  President  was  in  the  chair. 

The  most  interesting  event  of  the  year  was  the  complimentary  lunch  tended  Col. 
Henry  Flad,  on  March  18,  in  honor  of  his  election  to  the  Presidency  of  the  Ameri- 
can Society  of  Civil  Engineers.  The  occasion  drew  an  attendance  of  forty -four 
members,  and  was  thoroughly  enjoyed. 

In  addition  to  the  committees  which  report  to-night,  there  are  in  existence  the 
following : 

A  committee  of  five  on  Smoke  Prevention,  Prof.  W.  B.  Potter,  chairman. 

A  committee  of  five  on  National  Public  Works,  R.  E.  McMath,  chairman. 

A  committee  of  five  on  Fire  Streams,  Robert  Moore,  chairman. 

The  Club  was  unfortunate  in  losing  the  services  of  its  efficient  Secretary,  Mr, 
Thos.  D.  Miller,  whose  removal  to  Fort  Worth,  Texas,  was  necessitated  by  his 
acceptance  of  the  position  of  manager  of  the  gas  works  in  that  city.  The  office 
not  being  filled  for  some  weeks  afterward,  the  present  Secretary  assumed  the 
duties  on  short  notice,  without  being  initiated  by  his  predecessor.  This  explana- 
tion, he  trusts^  will  excuse  any  shortcomings  that  may  have  been  noticed. 

Respectfully  submitted,  Wm.  H.  Bryan,  Secretary. 

The  Treasurer  then  read  his  annual  report,  which  was  as  follows  : 

treasurer's  report. 

I  have  the  honor  to  submit  the  following  report : 

Balance  as  per  report  of  Dec.  2,  1835 S93.00 

Collections  on  account  of  1885  dues 134.50 

$227.50 
Disbursements  on  1885  account 158.45 

Balance  from  1885  account S69.05 

Dues  for  1888  and  initiation  fees 588.50 

Total $657.55 

Total  disbursements  to  date 321.26 

Balance  on  hand $336.29 

Add  loan 75.00 

Advance  on  dues 2.00 

Total  balance $413.29 

Deposit  m  Provident  Bank 210.19 

St.  Louis  National 200.29 

Cash  on  hand 2.81 

$413.29 

M.  L.  Holman,  Treasurer. 
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This  report  was  accepted  aucl  referred  to  the  Executive  Committee  to  be  audited. 

The  Librarian  submitted  an  informal  report,  stating  that  there  had  been  no  hap- 
penings of  importance  in  his  department.  There  was  no  change  in  the  Association 
of  Engineering  Societies,  except  that  it  continued  to  improve.  Its  financial  aspect 
was  brigh^,  and  it  was  expected  that  there  might  be  a  surplus  to  devote  to  keep- 
ing up  the  Index  Department. 

President  McMath  read  a  report  for  the  Executive  Committee.  It  was  accepted 
and  ordered  filed. 

EXECUTIVE   committee's  REPORT. 

Your  Executive  Committee  is  happily  able  to  report  at  the  close  of  the  year 
1886  a  continuance  of  prosperity.  Membership  has  increased  by  the  addition  of 
9  new  Members.  The  losses  have  been  4  resignations,  4  dropped  for  non-payment 
of  dues,  and  none  by  death  ;  a  net  gain  of  one. 

The  meetings  have  been  sustained  according  to  the  schedule  adopted  in  1885, 
with  an  average  attendance  of  19.  Papers  of  value  and  interest  have  been 
furnished  by  9  Members,  in  most  cases  with  commendable  promptness  at  the  dates 
assigned  in  the  schedule.  Discussion  of  papers  and  engineering  topics  has  been 
more  general  than  in  former  years,  and  has  increased  the  interest  of  the  meetings 
and  the  profit  of  those  attending. 

The  support  of  the  meetings  by  papers,  discussions  and  attendance  has  largely 
come  from  the  younger  Members.  This  is  as  it  should  be,  for  it  insures  an  active 
Club  in  years  to  come  ;  but  the  older  Members  need  not  consider  themselves  ex- 
cused from  active  work  in  the  Club. 

The  Club  by  vote  has  authorized  a  subscription  for  one  share  in  the  proposed 
new  building  of  the  Mercantile  Library  Association.     Since  that  project  now  ap 
pears  likely  to  be  carried  out,  the  formal  subscription  should  be  made.     By  another 
year  we  may  hope  that  the  Club  may  be  in  permanent  quarters  favorable  to  more 
and  better  work  professionally  and  socially. 

Your  Committee  have  approved  the  bills  for  assessments  due  on  account  of  Jour- 
nal OF  Association  of  Engineering  Societies  to  the  amount  of  6376,  and  take 
this  occasion  to  express  our  satisfaction  with  the  conduct  of  the  Journal. 

By  the  failure  of  the  Provident  Bank  the  funds  of  the  Club  were  made  un- 
available, and  it  became  necessary  to  borrow  mouey  to  pay  bills.  The  money 
was  loaned  without  interest  by  Members  of  the  Club.  Its  repayment  will  fall 
upon  the  oflBcers  of  the  coming  year. 

Mr.  R.  E.  McMath,  as  Chairman  of  the  Committee  on  National  Public  Works, 
made  a  verbal  report.  There  had  been  no  developments.  The  Committee  was 
continued. 

Mr.  Robt.  Moore,  Chairman  of  the  Committee  on  Fire  Streams,  reported  reasons 
for  no  progress.    The  Committee  was  continued. 

The  Committee  to  whom  was  referred  the  letter  from  the  American  Society  of 
Civil  Engineers,  on  the  subject  of  changes  in  that  body,  reported  having  di'afted 
a  letter  wiiich  they  recommended  being  forwarded  to  the  American  Society  as  the 
sentiment  of  the  Club.  The  report  was  adopted,  and  the  officers  of  the  Club  were 
authorized  to  forward  the  letter  for  the  Club. 

The  letter  is  as  follows  : 

John  Bogart,  Esq.,  Secretary  American  Society  of  Civil  Engineers,  New   York 
City,  N.  Y. 

Dear  Sir:  In  reply  to  your  circular  letter  of  Sept.  1,  1886,  asking  for  the 
opinion  of  the  Engineers'  Club  of  St.  Louis  concerning  ' '  changes  in  the  organiza- 
tion of  the  (American)  Society,"  the  St.  Louis  Club  has  taken  the  following  action  : 

First.— That  as  to  any  organic  change  in  the   American  Society  of  Civil  Engi 
neers,  they  do  not  feel  called  upon  to  express  an  opinion. 

Second. — Concerning  a  possible  basis  of  present  co-operation  or  ultimate  union 
between  the  American  Society  and  the  local  societies,  which  is  presumably  the 
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matter  at  issue,  they  would  respectfully  suggest  that  a  union  of  publications  be 
attempted,  which  will  require  no  organic  change  in  any  of  the  co-operating  societies. 
Such  a  common  publication  would  soon  result  in  a  better  acquaintance  and  a  more 
intelligent  mutual  appreciation  of  the  merits  and  professional  standing  of  the 
societies  so  co-operating.  If,  then,  an  organic  union  should  seem  desirable,  it  could 
be  more  wisely  effected,  and  if  such  a  union  should  prove  undesirable,  this  fact 
would  appear. 

The  St.  Louis  Club  would  favor,  therefore,  a  union  of  publications,  provided 
this  could  be  effected  on  an  impartial  and  satisfactory^  basis.  The  details  of  such  a 
scheme  do  not  seem  to  present  any  extraordinary  difficulties,  while  the  advantages 
to  all  parties  concerned  appear  to  be  such  as  to  warrant  a  very  earnest  effort  to 
secure  them. 

The  Committee  on  Nominations  of  Officers  for  the  coming  year  reported  ae 
follows  :  For  President,  Wm.  B.  Potter;  Vice-President,  M.  L.  Holman;  Libra- 
rian, J.  B.  Johnson;  Secretary,  W.  H.  Bryan;  Treasurer,  Edw.  Flad;  Directors, 
R.  E.  McMath  and  Wm.  Wise. 

The  report  was  received  and  the  Committee  discharged.  Further  nomination* 
being  called  for,  the  name  of  Charles  W.  Melcher  was  proposed  for  Treasurer,  1% 
was  then  directed  that  the  letter  ballot  be  taken  in  the  usual  way. 

On  motion,  the  chair  appointed  Robert  Moore,  M.  L.  Holman  and  Wm.  Bouton 
a  special  committee  to  confer  with  the  Mercantile  Library  authorities  on  the  sub- 
ject of  permanent  quarters  for  the  Club. 

Chas.  F.  White  addressed  the  Ciub  on  the  subject  of  Furnace  Efficiency,  giving 
the  results  of  some  tests  at  the  Anheuser-Busch  brewery  on  evaporation  and  smoke 
prevention.  The  subject  was  discussed  by  Messrs.  Breden,  Bryan,  Monell,  John- 
son, Bruner,  Moore  and  Holman, 

iAdjo%i7-ned.'\  Wm.  H.  Bryax,  Secretary. 

December  15,  1886  :— The  Club  met  at  8:15  p.  m.,  at  Mercantile  Library, 
President  MaMath  in  the  chair,  and  nineteea  Mambers  present. 

The  minutes  of  the  last  meeting  were  read  and  approved. 

The  Executive  Committee  reported  the  proceedings  of  its  meeting  of  December 
15,  announcing  the  approval  of  the  Treasurer's  accounts  and  the  resignation  in 
good  standing  of  W.  H.  Allderdice,  N.  C.  Bassett  and  J.  T.  Desmond. 

The  committee  reported  that  the  letter  ballot  resulted  in  the  election  of  the 
following  officers  :  President,  Prof.  W.  B.  Potter  ;  Vice-President,  M,  L.  Holman; 
Librarian,  Prof.  J.  B.  Johnson  ;  Secretary,  W.  H.  Bryan  ;  Treasurer,  Charles  W. 
Melcher  ;  Directors,  R.  E.  McMath  and  Wm.  Wise. 

The  Chair  appointed  J.  A.  Ockerson  and  M.  L.  Holman  a  committee  to  escort 
the  newly-elected  President  to  the  chair. 

Prof.  Potter,  on  taking  his  seat,  addressed  the  members  briefly,  thanking  them 
for  the  honor  conferred  upon  him,  asking  their  co-operation  in  furthering  the 
objects  of  the  Club,  and  assuring  them  of  his  desire  and  intention  to  do  all  in  his 
power  to  make  the  year  one  of  interest  and  profit.  He  then  called  upon  the 
retiring  President  for  some  remarks  appropriate  to  the  occasion. 

Mr.  McMath,  in  responding,  addressed  the  Club  at  some  length  on  the  present 
and  future  status  of  the  engineer,  his  connection  with  national  public  works,  and 
the  prospects  of  improvement  in  his  condition.  The  subject  of  compensation  was 
also  touched  upon,  and  the  advantages  of  a  closer  union  among  engineering 
societies  were  pointed  out.  The  address  was  received  with  applause,  and  the 
following  resolution  was  introduced  and  adopted  : 

Resolved,  That  this  Club  appoint  a  Committee  of  five  to  consider  the  subject  of 
a  closer  connection  of  existing  societies,  with  a  view  to  forming  a  general  organi- 
zation. 

On  motion  it  was  decided  that  the  Committee  be  appointed  by  the  Chair.     The 
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Committee  was  constituted  as  follows  :  R.  E.  McMath,  M.  L.  Holman,  J.  A. 
SeddoD,  Robert  Moore  and  Wm.  Boutou. 

The  Secretary  read  a  communication  from  the  Secretary  of  the  American  Society 
of  Civil  Engineers,  acknowledging  receipt  of  the  Club's  letter  adopted  at  the  last 
meeting.  The  Secretary  also  read  a  communication  giving  the  results  of  the  Ameri- 
can Society's  inquiry  into  the  subject  of  changes  in  its  organization .  But  one 
society — the  St.  Louis — had  expressed  an  opinion,  and  only  six  of  the  763  mem- 
bers addressed  had  replied. 

The  Committee  on  Relations  with  the  Mercantile  Library  reported  progress,  and 
asked  to  be  continued.     It  was  so  ordered. 

The  special  order  of  the  day,  a  paper  by  Prof.  F.  E.  Nipher,  on  the  "  Economic 
Co-eflScient  of  the  Shunt  Dynamo,"  was  then  taken  up.  The  Professor  gave  a 
mathematical  discussion  of  the  theory  of  the  efficiency  of  this  class  of  machine, 
and  showed  the  conditions  under  which  a  maximum  was  reached.  The  life  and 
resistance  of  incandescent  lamps  was  also  touched  upon.  The  subject  was  dis- 
cussed by  Messrs.  Flad,  Seddon  and  Bryan.  Prof.  Nipher  also  spoke  briefly  on 
the  subject  of  discrepancies  in  measurements  of  rainfall  in  gauges  at  varying 
heights. 

[Adjourned.}  Wm.  H.  Bryan,  Secretary. 


WESTERN  SOCIETY  OF  ENGINEERS. 


December  7,  1886  :— The  231st meeting  was  held  at  7:30  p.m.,  Mr.  Benezette 
Williams  in  the  chair . 

In  the  absence  of  the  Secretary,  Mr.  Liljencrantz  was  appointed  to  act  as  Secre- 
tary pro  tem. 

The  minutes  of  the  preceding  meeting  were  read  and  approved. 

Applications  for  membership  were  received  from  : 

Mr.  Peter  Heer,  Manufacturer  of  Surveying  Instiniments,  etc.,  Chicago,  111. 

Thomas  T.  Johnston,  Assistant  Engineer  Chicago  Drainage  and  Water  Supply 
Commissicn,  City  Hall,  Chicago. 

Mr.  Richard  Price  Morgan,  Jr.,  Civil  Engineer,  Dwight,  111, 

Mr.  Jason  H.  Shepard,  Contractor,  Hyde  Park,  111. 

The  following  gentlemen  were  elected  Members  : 

Mr.  C.  F.  Carl  Binder,  Civil  Engineer,  with  W.  G.  Coolidge  &  Co.,  Chicago. 

Mr.  Bernhard  Feind,  Assistant  Engineer  Drainage  and  Water  Supply  Commis- 
sion, Citj'  Hall,  Chicago. 

Mr.  John  Wilson,  Engineer  North  Chicago  Cable  System,  86  Lincoln  avenue, 
Chicago. 

The  special  order  of  business  for  this  meeting,  viz.,  the  circular  letter  from  the 
American  Society  of  Civil  Engineers  concerning  reorganization,  etc.,  was  taken 
up  and  discussed. 

On  motion  by  Prof.  Cooley,  it  was 

Resolved,  That  a  committee  of  three  be  appointed  by  the  Chair  to  consider  the 
proposal  of  the  American  Society,  and  report  before  the  adjournment,  provided 
that  the  Chair  be  a  member  of  this  Committee. 

The  Chair  appointed  as  the  two  additional  members  Professors  L,  E,  Cooley  and 
Hiero  B.  Herr. 

After  deliberation,  the  Committee  reported,  by  offering  the  following  resolution  : 

Resolved,  That  this  Society  is  in  favor  of  the  organization  of  a  National  Asso- 
ciation of  Engineers,  and  is  convinced  that  the  details  of  such  an  organization  can 
be  )nost  readily  and  satisfactorily  matured  by  a  conference  of  representatives  of 
the  societies  in  interest ;  and 

Resolved,  That  in  furtherance  of  this  purpose,  this  Society  is  ready  at  any  time 
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to  send  delegates  to  confer  with  those  of  the  American  Society  of  Civil  Engineers 
and  of  such  other  societies  as  may  choose  to  participate,  at  such  time  and  place  as 
the  American  Society  may  designate. 

Resolved.,  That  the  Secretary  of  this  Society  be  instructed  to  send  a  copy  of 
these  resolutions  to  the  Board  of  Direction  of  the  American  Society  of  Civil 
Engineers.  Benezette  Williams. 

L.    E.    COOLEY. 

HiERO  B.  Herr. 
On  motion,  the  resolutions  were  adopted. 

A  letter  from  Prof.  I.  O.  Baker  was  read  and  on  motion  of  Professor  Cooley 
was  referred  for  consideration  and  report  at  the  next  meeting  to  a  committee  of 
three,  to  be  ajjpointed  by  the  Chair.  The  Chair  announced  that  the  Committee 
will  be  appointed  and  notified  through  the  Secretary. 

A  paper  from  Mr.  Charles  Latimer  on  "  The  Metric  System  "  was  read.  On 
motion,  this  was  referred  to  the  Trustees  for  consideration. 

[Adjourned.']  G.  A.  M.  Liljencrantz,  Secretary  pro  tem. 


ENGINEERS'  CLUB  OF  MINNESOTA. 


October  8,  1886  :— Regular  meeting.  Present,  Mr.  James  Waters,  President 
pro  tem. ;  W.  W.  Redfield,  J.  H.  Barr,  G.  W.  Sublette,  and  W.  S.  Pardee. 

Reading  of  previous  minutes  was  omitted. 

The  Secretary  stated,  on  behalf  of  the  Committee  on  Permanent  Quarters,  that 
rooms  could  be  had  in  the  new  Library  Building.     No  action  was  taken. 

On  motion,  Mr.  G.  S.  Houston  was  elected  a  Member  of  the  Society. 

The  names  of  M.J.  Rigg,  Geo.  Caven,  F.  W.  Capelen  and  C.  L.  Redfield  were 
proposed  for  membership  by  Geo.  W.  Sublette  and  Wm.  W.  Redfield. 

On  motion  of  Mr.  Sublette,  the  mailing  list  of  subscribers  to  Journal  of 
the  Association  was  ordered  revised,  so  that  Honorary  Members  be  omitted  as 
beneficiaries  of  the  Journal. 

lAdjourned.']  W.  S.  Pardee,  Secretarj^. 

December  10,  1886: — Regular  meeting.  Geo.  W.  Cooley,  President  pro  tem. 
Other  Members  present,  W.  W.  Redfield,  Jno.  Barr,  Geo.  Sturtevant,  W.  S.  Par- 
dee, Geo.  W.  Sublette. 

Previous  minutes  were  read  and  approved. 

On  motion  the  Secretary  was  instructed  to  notify  delinquent  Members  that  the 
six  months'  limitation  having  passed,  said  members  were  liable  to  be  dropped 
from  the  rolls. 

On  motion,  Jno.  La,mb  was  exempted  from  all  dues. 

Messrs.  C.  L.  Redfield,  Geo.  Caven,  M.  J.  Riggs  and  F.  W.  Capelen  were 
elected  Members  of  the  Club,  and  the  name  of  P.  B.  Winston  was  presented  for 
membership,  certified  to  by  W.  W.  Redfield  and  G.  W.  Sublette.  Club  discussion 
took  place  on  the  topic,  "Do  Surveyors'  Bench  Marks  on  Trees  Rise  with  the 
Orowth  of  the  Tree." 

[Adjourned.l  W.  S.  Pardee,  Secretary. 


Editors  repriniing  articles  from  this  journal  are 
requested  to  credit  both  the  Journal  and  the 
Society  before  which  such  articles  were  read. 
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ORaANTZED     1881. 


'Vox.  "VI-  JanzL-uLax^y,    1887-  ITo_  3_ 

2  his  Association,  as  a  body,  is  not  responsible  for  the  subject  matter  of  any  Society,  or 
for  statements  or  opinions  of  any  of  its  members. 

HYDROGRAPHIC    SURVEYING. 


By   Laurence   Bradford,    Member    of   the   Boston    Society   of    Civil 

Engineers. 

[Read  December  15,  1886.] 


My  purpose  in  this  paper  is  not  to  write  after  the  manner  of  a  treatise 
en  hydrographic  surveying.  I  have  no  intention  of  following  step  by 
step  through  the  processes  that  lead  up  to  the  practice  of  this  art.  I 
shall  speak  of  what  has  come  to  me  in  my  own  experience,  and  the 
methods  I  have  followed.  Some  of  these  are  original,  so  far  as  I  know, 
but  I  am  not  one  who  believes  in  employing  a  poor  method  of  my  own 
device,  when  a  better  one  can  readily  be  had  from  some  one  else.  That 
other  and  better  may  exist  is  not  my  province  to  deny.  One  of  the 
Institute  professors  once  said  to  us  in  the  class,  "  Can  you,  if  called  upon 
years  hence,  cipher  out  the  problems  that  may  come  relating  to  this 
matter  ?  I  will  not  ask  that  you  shall  be  able  to  do  them  in  the  best 
possible  way,  but  will  you  be  able  to  do  them  in  any  way  ?" 

I  do  not  remember  ever  to  have  seen  a  book  that  treats  of  the  subject 
in  all  its  parts,  or  one  under  this  name,  though  many  papers  and  reports 
have  been  published  that  treat  on  certain  branches  ;  particularly  the 
Coast  Survey  reports.  These  and  others  I  shall  allude  to  as  I  go  on. 
An  experience  in  this  work  I  have  certainly  had,  because  from  my  earliest 
boyhood  I  have  been  connected  more  or  less  with  work  on  the  water. 
So  I  intend  speaking  of  the  methods  followed  by  seamen  in  making  their 
locations,  taking  their  departures,  etc.,  which,  without  doubt,  is  closely 
related  to,  if  it  is  not  a  part  of  the  art  of  hydrography. 

Following  along,  I  must  and  shall  touch  upon  matters  with  which  you 
are  thoroughly  familiar,  but  not  with  the  idea  that  you  do  not  under- 
stand them,  but  to  bring  them  to  your  mind  in  connection  with  what  I 
have  to  say. 

"When  any  hydrographic  survey  of  whatever  extent  is  to  be  made, 
the  tides  must  first  be  taken  account  of.  To  the  scientist  they  are  an 
interesting  and  complicated  study,  but  to  the  surveyor  their  use  ordinarily 
is  limited  to  furnishing  a  water  level  and  datura  plane,  and  it  is  only 
in  this  line  that  I  shall  comment  on  them.  For  a  small  work,  explain- 
ing their  main  characteristics  in  different  localities,  I  would  refer  you  to 
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a  pamphlet  by  a  member  of  this  society,  Prof.  Henry  Mitchel,  issued  by 
the  Coast  Survey  Office  some  years  ago,  and  prepared  principally  for  the 
use  of  naval  officers.  A  datum  plane  is  of  necessity  the  basis  of  all  this 
work.  If  the  water  did  not  fall  or  rise  it  would  be  sea  level.  You  know 
this  is  often  taken  now  for  land  surveys,  and  for  that  purpose  is  probably 
the  best  of  all  datum  planes,  if  for  no  better  reason  than  this  interesting 
fact — that  it  can  be  ascertained  very  nearly  at  any  time  by  taking  the 
mean  between  the  low  and  high  water  of  any  one  tide.  The  other  datum 
planes  cannot  be  so  readily  obtained.  Mean  low  water  is  the  one 
generally  adopted  for  all  hydrographic  work,  though  the  lowest 
low  water  has  in  times  past  been  very  considerably  used,  principally 
for  the  reason  that  navigators  might  know  that  soundings  as  shown 
on  the  charts  could  always  be  relied  upon  as  giving  at  least  that  amount 
of  water  at  the  place  indicated.  But  while  there  is  some  force  to  this 
way  of  looking  at  it,  it  has  come  to  be  acknowledged  that  the  best 
plane  for  all  purposes  is  mean  low  water,  from  which  the  lowest  low 
water  is  easily  at  any  time  found.  To  obtain  this,  the  tides  should  be 
taken  through  one  Lunation,  one  revolution  of  the  moon,  and  this  is 
given  in  fifty-seven  low  waters  by  taking  the  mean  of  them.  It  is 
usual  to  take  the  high-waters,  also,  that  the  usual  features  may  be 
tabulated — mean  rise  and  fall  of  tides,  establishment  of  the  port,  etc. 
It  would  give  a  nearer  mean  to  take  the  tides  for  a  whole  year,  but  not 
much.  You  may  ask,  How  much  ?  To  this  I  can  merely  state  a  single 
experience  of  my  own.  While  engaged  in  this  work  in  San  Francisco 
harbor  I  made  a  comparison  between  a  mean  low  water  obtained  from  a 
lunation,  and  one  that  had  been  ascertained  by  a  consecutive  record  of 
tides  reaching  through  fifteen  years,  and  the  difference  was  something  like 
thirteen  hundredths  of  afoot,  of  some  value  scientifically,  no  doubt,  but 
hardly  to  be  considered  in  this  work  as  very  important.  This  record, 
kept  continuously,  was  obtained  by  clock-work  machinery.  Section 
paper  unwound  from  one  roll  to  another  at  a  rate  that  took  in  a  con- 
venient length  of  paper  for  twenty-four  hours.  A  pencil  controlled  by  a 
simple  mechanism  attached  to  a  float  of  the  tide  gauge  gave  the  rise, 
fall  and  duration,  by  the  wavy  line  you  have  seen  used  to  graphically 
represent  the  action  of  the  tides.  These  are  well  shown  in  the  earlier 
Harbor  Commissioners'  reports  of  this  State,  with  the  effects  that 
obstruction  to  the  free  movement  of  the  tides,  have  upon  the  curves. 
One  curious  circumstance  they  showed  me  on  this  record  of  past  tides. 
Some  time  before  there  had  been  an  earthquake  of  great  force  on  the 
coast  of  Japan,  the  time  of  its  occtuTence  there  had  been  noted,  and  the 
time  the  tidal  wave  reached  this  place  was  here  shown  on  the  tidal  curve, 
in  sharp  zig-zag  lines.  I  suggested  that  these  might  be  caused  by  the 
quick  movement  of  the  waves  in  stormy  weather,  but  they  showed  me 
that  the  lines  made  by  the  sea  were  not  the  same. 

The  gauges  I  have  used  have  been  of  only  two  kinds,  the  simple  staff 
and  the  box  gauge,  shown  in  Plate  I.  I  think  the  staff  answers  the  best. 
Like  a  self -reading  leveling  rod,  it  can  be  marked  off  as  the  fancy  of  the 
observer  may  dictate.  I  only  care  that  the  parts  of  the  figures  be  in  such 
relation  to  the  tenths  that  the  height  of  the  tide  can  be  told  as  far  as  the 
numbers  can  be  read  with  a  glass.     In  the  box  gauge,  the  figures  neces- 
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sarily  run  from  up,  down.   And  to  work  up  data  from  it,  the  length  must 
be  known  from  the  zero  of  the  graduation  to  the  water  line  of  the  float. 

Plate  I. 


TIDE  GAUGES. 


M 
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BOX. 
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FLOATS. 


SOUNDING   IRONS. 


While  the  hydrographic  survey  can  be  made  sketchy  or  elaborate,  one  of 
the  former  kind  costs  less  to  make  on  the  water,  and  one  of  the  latter 
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costs  more  than  the  same  on  the  land.     And  yet  the  one  of  the  prelimi 
nary  nature  made  on  the  water  is  more  valuable  than  the  same  of  the 
topographical  kind,  for  the  reason  that  the  element  that  has  furrowed 
and  cut  up  the  surface  of  the  one  has  tended  to  even  the  bottom  of  the 
other. 

The  skeleton  outline  of  hydrographic  work  is  obviously  triangulation. 
The  base  line  being  chosen  in  as  commanding  a  position  as  possible,  the 
other  stations  may  be  cut  in  from  its  ends,  without  the  calculation  of 
triangles,  or  the  other  points  may  be  occupied  and  the  triangles  com- 
pleted. Points  not  occupied,  it  is  hardly  necessary  to  say,  are  fixed  by  a 
considerable  number  of  intersections. 

These  stations,  if  they  are  to  be  used  for  getting  sextant  angles,  are 
best  defined  by  the  spires  of  old-fashioned  meeting-houses.  They  are 
rather  to  be  preferred  to  show  against  the  sky  to  the  observer  ;  but  as  they 
are  generally  painted  white  it  does  not  make  so  much  difference.  The 
lines  of  soundings  it  is  now  customary  to  take  as  evenly  as  possible, 
making  them  cross  so  as  to  form  regular  geometrical  figures,  when  their 
usefulness  is  not  sacrificed,  as  they  look  much  better  when  plotted. 

The  lines  of  soundings  should  frequently  intersect,  as  on  their  well 
crossing  lies  the  best  proof  that  the  work  has  been  well  done.  If  the 
sheet  of  water  is  nearly  emptied  by  the  tide,  the  low  water  channels  can 
be  quickly  and  well  defined  by  zig-zagging,  as  it  is  called  ;  that  is,  running 
over  them  after  the  manner  of  a  Virginia  fence,  when  the  tide  has  left 
the  harbor. 

The  implements  I  have  used  for  borings  are  shown  on  Plate  I.,  made 
of  gas  pipe  I  inch  to  If  inches  diameter.  A  craft  made  for  the  purpose, 
with  a  well  in  its  centre,  or  platform  running  out  from  its  side,  where 
tackles  and  purchases  can  be  applied,  answers  best  for  these  operations. 
I  have  never  had  much  difficulty  in  getting  the  rod  down  to  any  depth 
required  and  ascertaining  the  quality  of  the  material  penetrated,  but  in 
getting  the  rod  out  has  been  the  trouble.  When  not  fitted  out  as  above 
described  a  good  way  of  applying  a  persuader,  when  meeting  with  an 
obstmate  case,  is  to  moor  two  boats,  the  sounding  iron  between  them. 
Then  place  across  the  boats  a  small  boat's  mast ;  fasten  to  the  sounding 
iron  a  foot  or  so  below  the  surface  a  single  or  double  line,  the  other  end 
wound  around  the  boat's  mast ;  use  this  as  a  windlass.  This  power,  with 
the  help  of  the  tidp  in  a  bad  case,  I  have  always  found  effectual. 

The  best  method  I  have  followed  to  take  the  speed  and  direction  of 
tidal  currents  I  think  to  be  this  :  A  simple  tin  can  is  loaded  with  shot 
or  stone  till  the  top  is  just  above  the  water.  This  is  for  the  surface 
current.  If  it  is  desired  to  know  the  mean  current,  sink  a  similar  can 
below  the  floating  one  connected  by  a  Une  ;  or  a  long  single  line  can  be 
used  as  shown  in  Plate  I. 

Place  yourself  on  the  position  where  you  wish  to  begin  ;  take  the  time 
to  seconds  and  let  it  go.  After  it  has  gone  far  enough,  or  changes  its 
course,  drop  a  floating  buoy  with  line  and  weight  attached  alongside  of 
it,  at  the  same  time  taking  the  time.  This  buoy  can  then  be  located,  the 
float  followed  up,  and  the  operation  repeated. 

I  will  now  speak  on  the  location  of  positions  or  points,  principally  the 
theory  and  practice  of  locations  by  sextant  angles,  on  which  I  would 
devote  the  most  of  my  time. 
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On  this  question,  might  be  said  to  hang  my  main  subject  and  every- 
thing pertaining  to  it,  just  as  in  religion  we  are  told  on  two  simple  com- 
mandments hang  all  the  law  and  the  Prophets.  If  the  line  of  soundings 
is  long,  points  on  its  length  must  frequently  be  established,  otherwise 
the  plotted  soundings  will  not  represent  the  place  where  they  are 
shown. 

A  good,  perhaps  the  best  method  of  doing  this,  where  a  suitable  range 
can  be  had,  and  the  conditions  are  otherwise  favorable,  is  to  cut  in  the 
soundings  from  a  point  on  shore  with  a  transit  instrument,  placing  it 
where  the  intersections  will  be  good  ones  throughout  the  length  of  the 
line.  It  is  well  to  take  them  at  equal  spaces  of  time  apart,  for  then  can 
be  seen  how  evenly  your  boat  has  moved  on  the  course.  The  recorder 
of  the  soundings,  having  a  watch  in  his  hand,  gives  a  signal  to  the  leads- 
man as  the  second  hand  approaches  the  minute.  The  leadsman  raises 
his  hand,  and  the  intersection  is  made.  Another  method  is  to  have  no 
observer  on  shore,  but  to  take  one  angle  with  a  sextant  from  the  boat  at 
the  points  desired,  choosing  the  stations  observed  upon  in  such  relation 
to  your  line  of  soundings  as  to  vary  rapidly  your  angle  with  the  moving 
of  the  boat.  If  you  are  not  running  a  continuous  straight  line,  at  the 
point  where  the  direction  changes  two  angles  would  have  to  be  taken, 
requiring  two  sextants  and  two  observers  in  the  boat.  The  principles  of 
this  method  I  am  going  to  discuss  further  on. 

Sometimes  lines  of  soundings  are  run  between  known  positions  with- 
out being  cut  in  along  their  length,  and  the  only  way  taken  of  adjusting 
the  individual  soundings  is  to  check  off  equal  spaces  of  time,  the  same  as 
I  have  described  in  connection  with  transit  intersections.  These  are 
called  time  soundings,  and  are  based  on  the  assumption  that  the  boat 
has  moved  over  equal  distances  in  equal  times. 

THE  SEXTANT. 

I  am  going  to  keep  along  on  the  same  subject,  but  make  a  sort  of  a  side 
show  in  speaking  of  this  instrument,  which  alone  is  made  use  of  in 
locating  positions  by  the  method  I  shall  describe. 

This  is  the  most  satisfactory  of  all  surveying  instruments,  within  its 
limitations,  and  is  indispensable  for  hydrographic  work.  It  is  readily 
carried  in  the  hand,  does  not  need  a  stable  foundation  for  the  observer, 
and  can  be  used  at  a  minute's  notice,  taking  angles,  vertical,  horizontal 
or  inclined  ;  and  reads  readily  to  ten  seconds  by  its  large  arc.  Its  main 
characteristic  is,  that  it  takes  its  angles  by  a  mirror,  on  the  principle 
that  the  angle  of  incidence  is  equal  to  the  angle  of  reflection.  There  are 
two  mirrors,  one  that  takes  the  angle  and  is  secured  to  the  arm  that  has 
the  vernier.  The  other  arc  is  fixed  and  brings  the  reflected  image  to  the 
eye.  By  this  double  reflection  the  arc  that  the  vernier  passes  over  is  only 
one-half  the  angle  really  measured.  The  arc  is  the  sixth  of  a  circle,  hence 
its  name  sextant ;  while  according  to  the  principle  above,  it  can 
measure  an  angle  of  120°. 

It  is  a  curious  fact  that  this  instrument  was  invented  by  two  men  at 
nearly  the  same  time,  unknown  to  each  other.  One,  the  famous  Newton; 
the  other  John  Hadley,  who  made  it  known,  and  to  whom  is  given  the 
honor  of  its  discovery.  It  can  be  put  to  uses  outside  of  what  might  be 
called  its  legitimate  work. 
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When  vessels  are  on  the  same  course  it  can  be  used  on  board,  either 
by  taking  an  angle  from  the  main  mast  truck  to  the  water  line,  to  tell 
whether  they  are  approaching  or  separating,  a  difficult  matter  to  judge 
by  the  eye,  when  in  this  relation  to  the  distance  to  be  estimated.  It  is 
said  on  board  slave  ships  in  old  times,  when  they  were  pursued,  that 
when  the  sextant  angle  began  to  grow  larger,  they  began  sawing 
through  their  deck  beams.  In  reconnoissances  on  horse-back,  when  it 
would  be  inconvenient  to  dismount,  an  angle  or  location  can  be  taken 
from  the  saddle.  Lieut.  George  H.  Mendell,  of  the  Engineer  Corps  of 
the  army,  now  Colonel,  published  some  years  ago  an  interesting  book  on 
this  instrument. 


Location  by  sextant  angles  is  the  main  method  in  hydrographic  work. 
The  intersections  that  determine  the  locations  are  made  by  the  crossing 
of  circles  whose  circumferences  pass  through  three  fixed  points,  the 
middle  one  common  to  both  circles.  These  fixed  points,  here  called  sta- 
tions, may  be  in  many  possible  positions  relative  to  each  other  and  to  the 
intersection  point,  but  the  relationship  determines  their  worth  to  a 
marked  degree,  many  cases  being  wholly  valueless.  If  the  station  and 
intersection  point  are  in  the  same  circumference,  there  can  be 
no  approach  to  a  location,  as  the  angles,  without  changing,  will 
whirl  around  the  circles,  and  no  good  location  can  be  made  even 
near  to  this  circle.  It  is  often  given  as  a  rule  that  the  sextant 
angles  should  not  be  less  than  30°  or  more  than  120°.  I  would 
have  them  not  less  than  40°  or  more  than  100°,  but  angles 
within  these  limits  may  be  used  and  still  the  location  not  be 
good  one,  if  the  crossing  of  the  circles  do  not  make  a  good  intersection; 
and  vice  versa,  the  crossing  of  the  circles  may  make  a  good  intersection 
and  the  angles  not  be  within  these  limits,  when  the  location  would  be  a 
poor  one.  I  have  given  four  cases  in  Plates  II  and  III  that  will  with  modifi- 
cations cover  all  good  cases  of  location.  Taking  Fig.  1,  Plate  II.,  if  the 
stations  A,  B,  C  are  in  this  position,  the  outer  stations  at  each  end  of  a 
diameter  of  a  circle  and  the  central  one  90°  distance  in  the  same  circum- 
ference, and  the  intersection  point  say  in  the  centre  of  the  circle,  you 
have  the  best  possible  location;  but  the  locality  would  be  rather  an  uncom- 
mon one  to  allow  choosing  the  stations  in  those  positions.  The  field  of 
operation  too  is  small,  as  given  in  the  broken  hatched  lines;  not  even  so 
much  area  as  the  40°  to  100°  limit  angles  would  cover,  the  intersection  of 
the  circles  becoming  poor  before  these  limits  are  reached. 

Take  the  stations  as  placed  in  Fig.  1,  Plate  III.  These,  I  consider  to 
approach  the  best,  placed  as  they  are  in  the  circumference  of  a  circle 
sufficiently  large  not  to  hazard  any  risk  of  the  location  point  being  near  it, 
and  yet  enough  of  a  circle  to  make  an  extended  area  for  work.  In  Fig. 
2,  Plate  II.,  the  stations  are  in  a  straight  line.  This  is  a  convenient  ar- 
rangement at  times.  There  can  be  no  circle  passing  through  them  and 
the  intersection  point.  At  the  same  time  the  field  of  operation  is  small. 
This  is  increased  very  much  by  making  the  limit  of  angles  30°  to  120°,  as 
shown  by  broken  hatched  lines  crossing  the  others  at  right  angles. 

The  station  can  also  be  in  a  circle  curving  slightly  outward,  but  the 
field  of  operation  is  made  still  smaller.     The  stations  at  equal  distances 
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are  best ;  not  a  measured,  but  an  approximate  equality.     I  have  shown 
in  Fig.  2,  Plate  III. ,  the  extreme  stations  at  unequal  distances  from  the 

Hate  IT. 
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central  one.    The  important  effect  of  this  is  the  shortening  up  of  the  field 
of  operation. 
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These  remarks  can  be  condensed  and  substantially  expressed  by  these 
simple  propositions. 

1 .  That  the  sextant  angles  be  not  less  than  40°  or  more  than  100°. 

2.  That  the  stations  be  about  at  equal  distances  apart. 

3.  That  a  point  midway  on  a  line  connecting  the  outside  stations  be 
not  more  distant  from  the  central  one  than  it  is  from  the  outer  stations. 

4.  That  the  location  or  intersection  point  be  not  near  the  circle  passing 
through  the  stations,  nor  outside  of  it. 

It  is  not  pretended  that  these  remarks  or  rules  will  strictly  apply  to 
surveys  of  all  natures  and  all  areas  in  some  instances. 

They  might  well  be  thought  to  draw  the  question  a  little  too  fine  ;  but 
when  it  comes  to  reverse  the  process  and  refind  upon  the  water  certain 
features  that  have  been  shown  by  the  plot,  or  to  reproduce  many  times 
the  same  points  and  define  the  elevations  of  submarine  rocks  or  ledges, 
they  will  not  be  found,  I  think,  to  have  carried  the  discussion  to  an 
unnecessary  degree  of  precision. 

To  reproduce  any  point  that  may  be  required  after  a  survey  has  been 
made,  is  not  so  easily  done  as  to  make  the  survey  in  the  first  place.  It 
is,  however,  then  ascertained  how  well  the  stations  have  been  chosen 
and  the  work  has  been  done.  To  reproduce  these  points  requires  some 
mechanical  dexterity,  gained  by  practice,  learning  to  direct  the  move- 
ment of  the  boat  that  the  images  of  the  stations  will  close  in  the  mirrors 
of  the  sextant  in  a  short  space  of  time,  as  surveying  in  this  line  has 
commonly  to  be  done  at  smooth  and  slack  water,  sometimes  after  weeks 
of  waiting,  so  that  little  time  can  be  spent  in  fixing  a  single  point. 

Two  sextants  are  required,  one  in  each  hand,  the  left-hand  one  set  to 
the  angle  for  B  and  A  ;  the  other  with  the  angle  for  A  and  C.  When  the 
point  is  found  it  is  usually  marked  by  a  floating  buoy,  if  for  temporary 
use.     If  needed  permanently,  by  a  pile  or  anything  desired. 

In  plotting  these  angles,  I  have  followed  three  ways.  The  best,  un- 
doubtedly, is  by  an  instrument  called  a  three-arm  protractor.  It  is  a 
graduated  circle,  much  like  a  transit  instrument  plate,  commonly  of  six 
inches  diameter,  its  centre  so  constructed  that  the  central  point  may  be 
observed  and  marked.  About  this  revolve  the  two  movable  arms  on 
each  side  of  a  fixed  one,  at  the  zero  of  the  graduation.  These  arms  have 
lengthening  parts,  screwed  on  or  removed  at  pleasure.  An  instrument 
of  this  kind  is  expensive,  and  not  always  easily  obtainable.  An- 
other method  is  by  a  graduated  circle  of  a  foot  or  so  in  diameter,  en- 
graved on  tracing  paper.  The  angles  are  laid  off  in  pencil  on  this  and 
moved  to  the  spot.  The  most  inconvenient  part  of  this  method  is,  that  the 
pencil  marks  must  be  rubbed  out  after  each  point  is  plotted,  or  they  will 
confuse  the  work.  Another  method  I  have  found  very  convenient,  where 
much  work  was  to  be  done  from  one  set  of  stations.  Plate  IV.  Lay  off 
from  the  extreme  stations  5  and  O  graduated  arcs  of  radii  that  seem  most 
suitable  for  the  matter  in  hand.  '  The  zero  of  tr;e  graduation  will  be  on 
lines  at  right  angles  to  BA,  CA  from  B  and  C.  Bisect  these  lines  BA, 
CA  and  lay  off  perpendicular.  Having  sextant  angles  to  plot  lay  off  the 
one  that  takes  the  stations  B  and  A  from  B.  And  take  the  point  where 
it  intersects  the  perpendicular  for  a  centre  and  describe  a  circle  that 
passes  through  A  and  B.     Do  the  same  for  the  angle  that  takes  the 
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stations  A  and  C.    The  intersection  of  these  circles  will  be  the  location ; 
The  proof  of  this  operation  you  will  readily  see. 

Plate  IIL 


THio;.  1 
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On  Plate  V.  are  shown  the  ways  I  have  followed  in  surveying  rocks  or 
ledges.     Fixing  a  boat  at  A  and  running  soundings,  either  in  circles  at 
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regular  distances,  or  in  lines  at  defined  angles.  A  good  way  to  locate  a 
point  without  survey  of  any  kind  is  by  ranges,  taking  two  sets  at  about 
right  angles  to  each  other,  for,  if  well  chosen,  they  have  the  precision  of 
sextant  angles.  The  difficulty  is,  in  not  being  near  enough  to  the  shore 
to  obtain  good  objects,  principally  to  get  the  first  one  sufficiently  near. 
The  advantages  of  this  method  of  location  were  first  brought  to  my 
notice,  as  well  as  a  way  of  clearing  out  channels,  since  common  enough, 
but  then  at  least  new  to  me,  on  the  James  River  just  after  the  capture 
of  Richmond.  I  was  then  attached  as  second  in  command  to  a  dispatch 
boat  that  plied  between  City  Point  and  Fortress  Monroe,  and  the  first 
vessel  to  enter  Richmond  at  the  time  of  its  capture.  The  river  was  then 
found  to  be  full  of  obstructions,  and  it  was  judged  of  torpedoes,  as  they 
were  seen  in  heaps  along  the  shore  between  Bermuda  Hundreds  and 
the  entrance  to  the  city.  At  once  operations  were  entered  upon  for  clearing 
the  channel.  A  military  engineer  was  assigned  this  duty  and  our  vessel 
was  placed  at  his  disposal.  He  had  tin  cans  made,  holding  from  three 
to  ten  gallons.  These  were  filled  with  coarse  powder  found  in  the  aban- 
doned magazines  of  the  rebel  works  along  the  river.  The  engineer  officer 
would  feel  over  the  channel  at  the  shoal  places,  with  a  sounding  iron, 
judge  what  the  obstructions  were  and  the  best  place  to  sink  the  cans, 
locate  himself  by  two  sets  of  ranges.  When  he  found  the  best  place,  a 
can  was  then  sunk  at  this  place  and  exploded  by  a  galvanic  battery, 
when  the  obstructions,  mostly  sunken  vessels,  were  thrown  out.  The 
Fish  Commissioners  in  their  late  report  give  a  method  of  making  their 
location  at  sea,  making  no  pretension  to  novelty.  In  a  telescope  having 
microscopic  lines,  they  take  the  spans  of  natural  objects  like  mountains, 
but  principally  light-houses,  all  the  altitudes  of  which  are  given  in  the 
Light-House  Department  manuals.  They  take  at  the  same  time  a  com- 
pass bearing.  I  have  at  times  followed  a  method  of  this  kind  for  the 
determining  of  points  of  secondary  importance,  usually  short  lines,  with 
the  needle  of  a  transit  instrument  taking  three  compass  bearings  on  three 
of  my  fixed  stations.  They  can  be  plotted  the  same  as  if  taken  by  dis- 
tant angles,  or  they  can  be  plotted  as  compass  courses. 

You  may  ask,  "  How  is  a  sunken  rock  found,  as  you  do  not  pretend  to 
go  over  the  whole  bottom  when  making  a  survey?"  To  this  I  would 
answer,  that  they  are  often  found  as  the  Irish  pilot  found  one.  To  the 
question  if  he  knew  the  harbor,  replied,  "  Yes,  and  every  rock  in  it ;" 
later,  when  the  ship  brought  up  all  standing,  "  and  this  is  one  of  them." 
The  smaller  class  of  boats,  lobstermen  and  fishermen,  usually  first  find 
them,  and  report  their  whereabouts,  sometimes  with  ranges  for  locating 
them.  Of  these  ranges  and  the  area  they  will  cover,  "  custom  cannot 
stale  their  infinite  variety."  There  is  not  often  much  discount  about 
there  being  a  rock  or  ledge  at  the  given  depth  of  water,  as  quite  likely 
they  have  got  this  information  by  an  impressive  and  uncomfortable  ex- 
perience. Once,  while  working  in  Maine,  I  had  direction  from  the  mili- 
tary engineer  officer,  by  whom  I  was  employed  to  look  up  and  survey  a 
ledge  of  rock  that  some  shipmaster  had  reported,  saying  that  they  would 
show  me  where  it  was.  Although  the  place  was  an  estuary  not  more 
than  two  miles  across,  they  could  not  place  it  within  a  quarter  of  a 
mile.     I  explored  all  round  with  a  sounding  iron,  but  could  not  find  it 
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till  later,  with  a  dredging  machine  ;  it  was  found  with  gravel  and  small 
stones  covering  most  of  its  surface.  A  person  skilled  in  the  matter  will 
tell  a  sunken  rock  by  watching  the  break  of  the  waves  over  it,  when 
there  is  the  right  amount  of  wind  and  sea.  I  have  known  rocks  of  no 
great  size  to  be  found  in  this  way  a  number  of  feet  below  the  surface. 
I  will  speak  now  briefly  on  the  navigation  of  vessels,  and  the  methods 
they  use.  Those  cruising  along  shore,  like  the  boats  to  the  Southern 
ports — and  the  same  might  be  said  of  the  trans-Atlantic  lines  that  follow 
one  path  way — can  be  almost  sure  of  making  their  runs  without  accident. 
I  hear  you  say,  "  How  about  the  '  City  of  Columbus?'  "  but  I  will  pass 
on.  When  leaving  port  they  take  from  a  certain  fixed  point,  like  a  light- 
house, a  compass  bearing,  estimating  the  distance,  or  two  bearings  are 
taken  to  fixed  points  shown  on  the  chart.  This  is  called  taking  a  departure. 
This  point  is  plotted  on  the  chart  and  a  course  laid  out  to  the  next  point 
it  is  desired  to  make.  The  variation  of  the  compass  is  then  allowed  for 
and  the  corrected  course  given  to  the  quartermaster,  or  whoever  the  man 
may  be  that  steers  the  vessel.  Many  a  ship  has  been  lost  by  putting  this 
correction  on  the  wrong  side.  "With  the  patent  log  now  in  use  the  dis- 
tance run  can  be  nicely  made  with  care  ;  that  is  where  it  all  comes.  What 
the  plumb  line  is  to  the  engineer,  architect  or  mechanic,  the  sounding 
line  or  chain  is  to  the  hydrographic  surveyor  or  navigator,  only 
with  the  latter  class  it  is  not  enough  used,  and  simple  though  it  may  seem, 
they  do  not  generally  know  from  want  of  practice  how  to  well  use 
it,  outside  of  smaller  craft  like  fishermen,  and  the  war  vessels.  If 
beyond  the  sight  of  land  the  methods  of  obtaining  the  latitude  and  Ion- 
gitude  must  be  employed.  If  a  vessel's  position  is  determined  within  a 
mile  after  being  out  any  length  of  time  it  is  considered  fine  reckon- 
ing. The  ways  followed  are  not  hard,  but  the  be  sure  you  are 
right  qualities  are  needed.  These  calculations  were  ciphered  down 
to  their  simplest  elements  by  the  grandfather  of  one  of  our  fellow 
members,  Nathaniel  Bowditch,  who,  although  a  renowned  math- 
ematician himself  and  one  who  had  hung  to  his  name  a  long  list 
of  learned  societies,  appreciated  perhaps  more  than  any  one  who 
ever  prepared  a  practical  or  working  treatise  the  necessity  of  placing 
his  methods  within  the  comprehension  of  the  class  of  persons  for  whom 
they  were  intended,  He  expected  his  auditors  to  know  next  to  nothing, 
and  he  was  not  always  far  out.  The  longitude  is  found  by  taking  an 
altitude  of  the  sun,  at  about  nine  o'clock  in  the  forenoon  or  three  in  the 
afternoon,  a  time  when  it  moves  the  fastest  to  the  eye  of  the  observer. 
At  the  instant  the  altitude  is  noted,  the  time  of  the  chronometer  is 
taken,  and  on  the  niceness  with  which  this  is  done  depends  the  accuracy 
of  the  position.  This  altitude  worked  up  by  a  formula  gives  the  time 
of  €la>  as  given  by  the  sun ;  it  is  converted  into  mean  or  clock  time. 
The  chronometer  gives  the  mean  time  of  Greenwich  or  any  other 
meridian.  The  diflference  is  the  longitude.  The  latitude  is  obtained  by 
an  altitude  of  the  sun,  when  on  the  meridian,  and  is  found  by  a  calcula- 
tion even  more  simple. 

While  the  principles  required  are  few  and  plain,  and  the  manipulation 
easy,  the  details  to  be  mastered,  and  practical  skill,  are  by  no  means  in- 
considerable.    It  is  not  a  training  that  is  gained  in  the  schools,  which,  to 
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a  certain  extent,  be  it  more  or  less,  make  an  engineer.  Among  the  un- 
educated are  often  the  most  skillful ;  that  is,  those  who  do  not  lose  their 
vessels,  if  only  their  bump  of  observation  and  locality  is  abnormally  de- 
veloped. 

Have  you  not  met  in  your  railroad  surveys  men  whom  it  was  nearly 
impossible  to  lose,  or  turn  around,  in  darkness  or  stormy  weather  ?  They 
have  the  qualifications  that  make  a  navigator. 
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AN  ADDRESS. 


By  Robert  E.  McMath,  retiring  President  of  the  Engineers'  Club  of 

St.  Louis. 

[Delivered  December  15,  1886.] 


Two  topics  bearing  upon  the  interests  of  engineers  have  engaged  more 
or  less  attention  on  the  part  of  this  Club  during  the  past  year  ;  one,  the 
relations  of  civil  engineers  to  national  public  works  ;  the  other,  the  rela- 
tions which  should  exist  between  engineer  societies.  Consideration  of 
these  topics  might  well,  if  time  permitted,  be  extended  to  the  more  com- 
prehensive subject — the  position  of  engineers  as  a  profession  in  the  United 
States. 

Discussion  of  the  relations  of  civil  engineers  to  national  pubUc  works 
is  rendered  somewhat  delicate,  as  seeming  in  the  eyes  of  some  to  be  little 
more  than  a  controversy  between  civil  and  military  engineers  over  the 
control  of  national  works  in  which  the  latter  class  have  the  advantage  of 
being  in  possession  of  the  object  of  dispute.  In  no  proper  sense  is  there 
occasion  for  such  a  controversy,  The  questions  involved  are  not  con- 
cerning the  interests  of  one  class  as  opposed  to  another,  nor  of  the  per- 
sonal fitness  of  those  who  now  exercise  the  functions  of  government 
engineers. 

The  real  questions  were  temperately  and  forcibly  presented  by  L.  E. 
Cooley,  of  the  Western  Society  of  Engineers,  in  his  paper  on  "  A  Rational 
Policy  of  Public  Works,"  published  in  the  Journal  of  the  Association 
OF  Engineering  Sqcieties.  He  showed  the  need  for  a  rational  policy  of 
public  works  and  for  a  special  service  organized  for  their  conduct.  His 
position  is  unimpeachable,  that  the  adoption  of  a  policy,  the  recognition 
of  the  utility  of  and  necessity  for  a  system  of  public  works,  must  pre- 
cede the  provision  of  a  special  service.  This  must  not  be  understood  as 
suggesting  that  the  elaboration  of  a  system  to  a  formal  scheme  on  paper, 
or  even  a  catalogue  of  works  to  be  done,  should  be  preliminary  to  such 
an  organization;  but  rather  that  the  measure  and  importance  of  the 
works  required  must  be  recognized  before  the  necessity  for  a  special 
service  can  be  apprehended.  When  a  growing  town  finds  that  it  must 
have  streets  and  drainage  of  some  sort,  it  is  likely  to  employ  some  resi- 
dent who  can  handle  transit  and  level,  a  make  shift  of  an  engineering 
department.  But  when  the  need  comes  and  a  determination  is  reached 
to  have  the  best  streets,  water-works  and  sewers,  then  it  is   generally 
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understood  that  the  engjineering  department  muse  not  be  made  up  of 
such  material  as  may  chance  to  be  at  hand,  but  competent  men  must  be 
sought  and  adequately  paid;  that  is,  the  need  demands  a  special  service. 

Originally  public  works  by  the  general  government  were  not  contem- 
plated. Necessity  compelled  that  some  should  be  undertaken.  There 
being  no  policy,  a  provisional  arrangement  was  resorted  to  which 
answered  for  the  time  and  has  been  continued  until  now.  But  the 
country  has. grown  and  its  needs  have  been  developed.  The  preliminary 
determination  to  have  a  system  of  national  public  works  has  beea 
reached,  after  a  long  discussion  of  constitutional  limitations,  State 
rights,  etc.  I  am  persuaded  that  the  determination  has  also  been 
reached  that  the  system  shall  be  liberal  in  extent,  shall  be  persistently 
carried  out,  and  that  the  works  shall  be  the  best  of  their  kind  in  plan 
and  execution.  The  time  has  therefore  come  when  consideration  of  the 
matter  of  an  organization — a  national  engineering  establishment — is 
appropriate  and  necessary.  Naturally  the  first  movement  in  this  direc- 
tion must  come  from  engineers  who  know  from  experience  the  defects 
of  the  provisional  arrangement. 

But,  it  may  be  asked  :  Since  we  have  an  organization,  an  engineer 
bureau  already,  what  more  is  wanted  ?  And  why  ?  These  questions  are 
reasonable  and  must  be  answered. 

The  answer  in  general  is  :  The  Engineer  Bureau,  XJ.  S.  Army,  was 
primarily  created  for  a  particular  purpose  and  that  purpose  was  mili- 
tary ;  that  the  assignment  of  civil  works  to  a  military  bureau  is  mixing 
things  which  are  incompatible  by  nature,  but  was  done  when  the  nation 
was  in  its  infancy,  when  our  territory  was  much  smaller  than  now  and 
mostly  unsettled,  when  the  extent  of  civil  works  was  not  apprehended 
or  their  nature  foreseen,  when  engineering  was  scarcely  recognized  as  a 
profession,  much  less  as  a  prof ession  divided  into  distinct  branches.  Such 
assignment  as  a  provisional  expedient  was  perhaps  as  good  an  arrange- 
ment as  could  be  made  at  a  time  when  the  right  of  the  general  govern- 
ment to  engage  in  public  works  within  the  boundaries  of  the  States  for 
the  benefit  of  commerce  or  the  every  day  convenience  of  citizens  was  in 
question,  when  the  territory  was  possessed  but  in  name  and  needed  first 
to  be  explored  and  hostile  tribes  dispossessed  before  civil  works  could 
begin. 

In  the  development  of  human  history  the  warrior  precedes  the  citizen, 
the  artisan  for  a  period  waits  upon  the  soldier,  but  in  time  these  rela- 
tions are  reversed,  the  citizen  employs  and  supports  the  soldier.  But  the 
old  traditions  survive  in  a  degree  that  warrants  the  assertion  that  civil 
and  military  duties  are  incompatible  if  mixed.  The  soldier  is  still 
inclined  to  look  down  upon  the  civilian,  to  prefer  the  title  of  General  to 
that  of  President,  and  hence  to  regard  the  work  of  a  civilian  as  degrad- 
ing drudgery.  This  feeling  was  curiously  illustrated  when  the  U.  S. 
service  had  two  classes  of  engineers,  engineers  and  topographical  engi- 
neers, the  first  regarding  the  latter  as  inferior,  though  of  equal  rank, 
sometimes  ofiScially  superior.  The  feeling  continued  after  the  bureaus 
were  consolidated,  and  expired  only  with  the  generation  of  topographers 
who  were  absorbed.  The  same  traditionary  feeling  manifests  itself  now  in 
the  association  of  civil  engineers  with  military  as  emplo^'e  and  employer. 
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The  civilian  is  treated  as  one  to  whom  a  meagre  allowance  of  rights  and 
privileges  need  be  accorded  and  of  credit  for  his  work  none,  if  hia 
superior  chooses  to  absorb  it. 

It  has  been  said  that  "  Except  by  custom  and  implication  army  engi- 
neers have  no  legal  or  legislative  status  for  civil  work  and  may  be  con- 
sidered as  virtually  on  detached  duty."  That  this  is  not  strictly  accurate 
will  appear  from  the  following  citations  taken  from  an  official  document, 
"  A  Historical  Sketch  of  the  Corps  of  Engineers,  etc."    Washington,  1876. 

The  act  of  March  16,  1802,  Section  27,  provided  :  "  That  the  said  corps 
when  so  organized  shall  be  stationed  at  West  Point,  in  the  State  of  New 
York,  and  shall  constitute  a  Military  Academy,  and  the  engineers,  as- 
sistant engineers  and  cadets  of  said  corps  shall  be  subject  at  all  times  to 
do  duty  in  such  places  and  on  such  service  as  the  President  of  the  United 
States  may  direct." 

As  a  light  upon  the  interpretation  of  this  act,  from  report  of  Secretary 
of  War  McHenry,  January  31,  1800:  "■  We  must  not  conclude  from 
these  brief  observations  that  the  service  of  the  engineer  is  limited  to  con- 
structing, connecting,  consolidating  and  keeping  in  repair  fortifications. 
This  is  but  a  single  branch  of  their  profession,  though,  indeed,  a  most 
important  one.  Their  utility  extends  to  almost  every  department  of  war, 
and  every  description  of  general  officers  (offices  ?)  besides  embracing 
whatever  respects  public  buildings,  roads,  bridges,  canals,  and  all  such 
works  of  a  civil  nature." 

Duties  of  a  civil  character  were  subsequently  assigned  to  officers 
detailed  from  the  engineer  corps.  March  3,  1851. — "  To  superintend  the 
construction  and  renovating  of  light-houses."  March  2,  1867. — Superin- 
tendence of  Public  Buildings  of  Washington  Aqueduct  "and  all  the 
public  works  and  improvements  of  the  United  States  in  the  District  of 
Columbia,  unless  otherwise  provided  by  law."  June  30,  1874. — Engineer 
of  District  of  Columbia. 

From  the  foregoing  it  appears  that  the  design  at  the  beginning  was  to 
employ  the  engineer  corps  for  general  duties,  civil  as  well  as  military, 
and  that  the  law  warrants  such  employment,  hence  the  matter  for  con- 
sideration is  not  concerning  the  past  or  present  but  the  future  policy. 

Returning  to  the  inquiry,  what  more  and  better  is  needed  than  the 
present  organization  affords  ?  and  why  ?     I  would  say  : 

First.  That  the  l^ngineer  Corps,  as  established  by  law,  is  insufficient 
in  numbers  to  perform  the  duties  assigned  it ;  hence  civilians  are  and 
must  be  employed  until  further  legislation  is  had.  That  this  employ- 
ment of  civilians  is  not  relished  by  the  Engineer  Bureau  is  abundantly 
shown  by  the  repeated  recommendation  of  the  Chief  Engineer  that  a 
greater  number  of  subalterns  be  authorized  "to  take  the  places  of 
many  of  the  civil  assistants  we  are  now  forced  to  employ."  The  civil 
assistant,  as  Mr.  Cooley  and  others  have  shown,  is  not  at  ease  or  content 
with  liis  position,  which  has  no  legal  warrant  whatever.  Civil  engi- 
neers in  and  out  of  government  employment,  and  the  Engineer  Corps 
itself,  are  therefore  of  one  mind  as  to  the  desirability  of  a  change.  And 
as  yet  there  is  no  antagonism  over  the  nature  of  the  change. 

The  Engineer  Bureau  asks  that  it  be  by  increase  in  number  of  the 
existing  corps ;  the  civilian  side,  though  not  favoring  this  proposition, 
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has  never  formulated  any  alternative  plan.  The  discussions  and 
conventions  held  during  the  year  disclose  an  unexpected  want  of  distinct 
purpose  or  desire,  an  inability  to  formulate  anything.  So  long  as  this  is 
the  case,  it  is  useless  to  look  for  result.  For  one,  I  am  not  unwilling  to 
accept  the  bureau's  proposition  to  build  upon  the  existing  foundation, 
only  I  would  specialize  the  service,  dividing  it  into  distinct  branches, 
and  separate  it  as  an  administration  from  the  War  Department,  for  the 
following  reasons  : 

First.  The  rauge  of  duties  now  required  of  engineer  officers  is  so  varied 
that  it  is  impossible  for  any  man  to  be  thoroughly  familiar  with  all,  and 
yet  he  is  liable  to  be  assigned  to  any.  Indeed,  in  due  course  of  rotation 
in  station  he  is  supposed  to  traverse  the  whole  round.  Duty  with  troops, 
staff  duty,  fortifications,  surveys — topographical,  hydrographical  and 
physical — civil  works  on  rivers  and  harbors  and  lighthouses,  electricity 
and  its  applications,  with  a  chance  at  municipal  engineering — sewers, 
streets,  water-works  and  buildings. 

There  is  no  division  of  opinion  as  to  the  possibility  of  any  man  master- 
ing all  these  diverse  duties,  even  in  the  sense  of  preparing  him  to  direct 
or  administer  any  of  these  departments.  Of  course,  an  engineer  worthy 
of  the  name  must  have  an  intelligent  acquaintance  with  all  branches  of 
his  profession,  in  a  somewhat  broader  sense  than  he  must  have  with 
literature,  art,  and  science,  and  the  young  man  is  unwise  or  unfortunate 
who  adopts  or  is  shut  up  to  a  narrow  specialty  until  he  has  gained  some 
practical  acquaintance  with  other  work.  The  engineer,  more  than  the 
artisan,  needs  first  to  know  how  to  do  many  things,  then  to  bring  his 
knowledge  to  bear  upon  doing  one  or  at  the  most  a  few  things  well. 
Under  the  present  organization  of  the  Engineer  Corps,  specialization  is 
not  aimed  at  or  as  a  rule  practiced. 

Second.  The  traditions  of  military  service  are  not  favorable  to  the 
development  of  an  engineer  of  the  kind  that  the  country  needs.  By 
that  tradition  the  engineer  is  limited  to  an  executive  function  only.  He 
is  to  do  the  best  he  can  with  the  means  put  in  his  hands,  but  is  to  be 
chary  of  suggestions  or  opinions  unless  they  are  officially  asked  for,  and 
he  must  avoid  saying  or  doing  anything  to  influence  legislation,  or  to 
mold  congressional  or  public  opinion,  lest  he  cross  the  purposes  of  his 
official  head.  He  loses  too  much  of  his  individuality.  Again,  the  power 
of  military  discipline  may  be  again,  as  it  has  been,  exercised  to  repress, 
investigation,  and  so  to  block  professional  progress.  Not  always  will  an 
Eads  and  a  jetty  controversy  opportunely  appear  to  break  the  fetters. 

Again,  the  military  organization  lacks  the  quality  of  elasticity  by 
which  work  is  intrusted  to  him  who  can  do  it  best.  Its  members  must 
come  from  a  particular  school,  and  by  a  certain  course  of  routine  after 
the  school  course  ends.  The  ablest  engineer  living,  if  not  belonging  to 
the  corps,  cannot  be  given  charge  of  government  work,  even  though 
every  member  of  the  corp  should  admit  unfamiliarity  with  the  work  in 
hand.  The  brightest  and  best  man  in  the  corps  is  equally  shut  out  from 
charge  unless  he  has  completed  his  round  of  service,  and  by  successive 
promotion  has  attained  a  certain  rank. 

While,  as  I  have  said,  I  would  be  willing  to  build  upon  the  existing 
foundation,  my  preference  would  be  for  something  like  the  following  : 
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Make  national  public  works  a  civil  service  under  a  bureau  of  public 
works  whose  chief  shall  be  selected,  much  as  the  Chief  of  Engineers  now 
is,  for  fitness,  only  that  the  choice  is  not  to  be  restricted  to  one  from  a 
dozen  eligible  persons,  but  the  whole  profession  shall  be  eligible.  Next 
have  several  grades  of  executive  engineers,  who  also  shall  be  selected  for 
fitness,  nominated  by  the  chief  to  the  President,  and  approved  by  the 
Senate.  These  to  be  permanent  appointments.  Other  engineers  may  be 
employed  as  the  work  may  require.  Their  temporary  employment  to  be 
by  the  immediate  executive,  to  whom  they  will  report,  with  the  approval 
of  the  Chief.  After  a  term  of  creditable  service  these  to  form  a  class  of 
accredited  engineers,  from  which,  as  a  rule,  promotions  to  higher  grades 
should  be  made. 

This  scheme  commends  itself  to  me  as  fair  and  just  to  the  existing 
corps,  which  would  be  left  as  it  stands  now,  but  would  be  relieved  of 
certain  classes  of  duty.  To  those  who  would  prefer  the  civil  duty  oppor- 
tunity for  exchange  should  be  afforded.  Those  who  prefer  army  position 
could  then  devote  themselves  to  military  engineering  as  a  special  branch 
of  the  profession,  just  as  hydraulics  and  other  specialties  are  followed. 
The  scheme  also  gives  civil  engineers  all  they  can  reasonably  ask  for, 
opportunity  to  show  their  fitness,  to  earn  promotion. 

Having  shown  that  something  better  than  the  existing  arrangement  is 
needed,  and  given  in  outline  my  way  of  obtaining  it,  I  claim  also  to 
have  shown  that  there  is  no  clash  of  interests  or  classes,  nc  controversy  of 
civil  versus  military  engineers,  but  rather  that  the  case  is  that  of  civil  and 
military  engineers  joining  in  an  effort  to  better  the  public  service,  render 
it  more  efficient  in  work  and  more  honorable  in  public  estimation,  and 
so  elevate  the  profession  of  engineer. 

In  my  judgment,  it  would  be  a  mistake  for  the  outside  world  to 
infer  from  the  agitation  of  this  subject  that  the  engineers  in  govern- 
ment employ  are  materially  worse  off  than  those  in  the  employ  of  our 
great  corporations  and  municipalities.  Saving  in  the  one  matter  of  no 
hope  for  promotion  beyond  a  certain  point,  they  are  not.  In  the  matter 
of  pay  and  treatment  they,  as  a  whole,  have  the  advantage.  In  fact,  the 
position  of  the  engineer  working  for  a  monthly  stipend,  and  such  form 
the  great  body  of  the  profession,  is  nowhere  what  it  should  be,  and  the 
government  quarter  is  that  in  which  a  first  effort  at  reform  has  been 
made,  not  that  it'  is  pre-eminently  bad,  but  that  a  beginning  must  be 
made  somewhere.  This  beginning,  it  may  be  hoped,  will  be  followed 
by  general  effort  to  elevate  the  profession.  To  this  end  I  note  with 
pleasure  the  willingness  of  several  societies  to  unite  for  a  common  end 
by  forming  the  Council  of  Engineering  Societies  on  National  Public  Works. 

The  work  of  the  council,  seemingly,  has  not  progressed  as  was  hoped. 
Possibly  the  prograname  laid  out  was  too  ambitious  for  the  resources,  and 
needs  to  be  modified.  The  several  societies  which  are  represented  in  the 
council,  twenty-three  in  number,  with  a  membership  of  near  2,700, 
might  well  consider  whether  a  more  complete  organization  for  other 
purposes  than  "  to  promote  an  improved  system  of  National  Public 
Works"  would  not  be  wise  and  timely.  The  object  in  this  case  is  to 
exert  an  influence,  and  through  organization  the  collective  influence  of 
engineers  as  a  body.     Would  the  influence  not  be   more   potent  in  this 
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particular  direction  if  the  organization  was  more  general  in  its  scope, 
having  for  its  object  the  elevation  of  engineering  as  a  profession,  and  the 
exercise  of  the  influence  of  a  learned  and  useful  profession  upon  public 
opinion  and  measures? 

The  need  of  more  intimate  relations  between  existing  societies  appear 
in  many  directions,  and  the  undesirable  features  of  distinct  and,  in  some 
sense,  rival  organizations  is  becoming  apparent.  Several  of  the  local 
societies  have  for  several  years  been  associated  in  the  publication  of 
transactions,  and  have  demonstrated  their  ability  to  work  harmoniously 
and  for  joint  benefit. 

Is  there  any  good  reason  why  all  local  societies  should  not  join  this 
Association,  and  then  go  a  step  farther,  by  a  partial  exchange  of  the 
privileges  of  membership  ?  So  that  a  member  of  one  society  removing  to 
the  vicinity  of  another  may  be  transferred,  not,  perhaps,  by  right,  but 
by  courtesy  ;  not  dispensing  with  the  formality  of  a  confirmation  of  the 
transfer  by  a  vote  of  the  receiving  society,  as  for  a  new  member,  but 
relieving  the  transferred  member  from  the  payment  of  initiation  or 
entrance  fee  in  the  new  relation,  and  from  dues  to  the  old. 

Engineer  societies  have  properly  been  cautious  about  entertaining 
propositions  looking  toward  the  control  of  the  compensation  of  engi- 
neers in  any  way,  as  savoring  of  trades  unionism  and  unprofessional. 
As  one  of  the  ways  to  elevate  the  profession,  this  cannot  be  overlooked, 
nor  can  the  closely  related  matters,  the  definition  of  what  constitutes  an 
engineer,  and  to  whom  shall  that  appellation  be  given,  and  by  what 
authority  conferred.  The  name  and  function  of  lawyer,  physician  and 
clergyman  may  not  be  assumed  at  will,  or  without  some  preparation, 
and  engineering  cannot  be  said  to  have  taken  its  place  as  a  learned  pro- 
fession until  it  is  surrounded  by  some  like  restriction.  As  to  the  matter 
of  compensation,  physicians  have  a  minimum  scale  of  prices,  which  all 
who  wish  to  be  considered  reputable  practitioners  observe.  The  man  of 
established  reputation  may  charge  as  much  more  as  he  pleases.  Law- 
yers also  have  a  scale  of  charges  proportionate  to  services  rendered,  and 
to  the  bank  account  of  the  client.  Architects  have  their  scale,  also. 
With  these  precedents  it  cannot  be  deemed  unprofessional  for  engineers, 
through  organization,  to  establish  a  minimum  scale  of  compensation, 
and  certainly  we  are  not  barred  from  claiming  our  own,  as  is  the  clergy- 
man, by  the  idea  that  ours  is  an  unworldly  profession. 

For  the  want  of  such  a  scale  for  engineering  services,  monthly  wages 
are  paid  by  corporations  which  rank  below  those  demanded  and  obtained 
by  artisans,  or  even  skilled  laborers.  A  young  man  accepting  so  low  an 
estimate  of  the  value  of  his  services  finds  it  difficult  to  respect  himself  or 
to  command  the  respect  of  others.  Unqualified  persons,  judging  the 
position  of  an  engineer  by  the  pay  received,  and  the  social  rank  occupied, 
see  in  engineer  work  an  agreeable,  if  laborious,  occupation  seemingly 
open  to  them,  and  after  a  brief  apprenticeship  with  the  axe,  chain  or 
red,  aspire  to  the  level  and  transit,  and  when  able  to  manipulate  these 
they  claim  to  be  engineers,  write  C.  E.  after  their  names,  and  lay  for  a 
job. 

In  connection  with  public  works  there  is  much  that  this  class  of  per- 
sons can  do   well  enough,  and  there  is  no  objection  to  their  doing  it  ; 
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but  they  should  not  be  called  engineers.  The  government  service  is  in 
advance  of  general  custom  here,  for  in  it  no  one  is  called  assistant 
engineer  who  does  not  perform  engineer  duties.  Transit  men,  levelers, 
recorders,  rodmen,  superintendents,  inspectors,  overseers,  foremen,  mas 
ter  workmen,  all  lie  below  the  plane  of  the  assistant  engineer.  Outside 
of  the  government  service,  and  in  ordinary  language,  a  squad  of  men 
engaged  in  a  survey  is  a  "  corps  of  engineers."  Too  often  the  conduct  of 
such  parties  leaves  along  its  trail  the  impression  that  engineers  are 
worthy  candidates  for  perdition.  In  Europe,  where  distinctions  of  name 
and  title  are  observed,  the  fact  that  one  is  a  civil  engineer  carries  with  it 
the  presumption  that  he  is  a  reputable  person  to  whom  social  recognition 
may  be  safely  extended.  In  America  the  engineer  is  regarded  as  one 
who  may  be  undeserving  of  such  recognition.  This  comes  from  the  fact 
that  there  is  a  class  of  men  who  disgrace  the  name  of  engineer  by  their 
depravity  and  ignorance  ;  who  degrade  it  by  accepting  the  wages  of  a 
laborer  ;  who  submit  to  fare  and  quarters  in  common  with  navvies  ;  who 
associate  with  the  vile  and  acquire  beastly  habits  of  speech  and  conduct, 
and  with  whom,  for  want  of  a  proper  distinction  in  name,  the  real  engineer 
is  brought  into  contact,  eating  and  sleeping  as  well  as  working  with  them, 
until  he  is  judged  by  the  world  by  the  company  he  is  seen  in,  even  if  he 
does  not  sink  intellectually  and  morally  to  the  level  of  his  associations. 

The  legitimate  office  of  engineer  societies  is  to  elevate  its  members  and 
the  profession  generally,  and  one  wa^  in  which  'they  may  profitably  act 
is  closed  until  a  general  organization  is  perfected  to  which  every  repu- 
table engineer  will  be  attracted,  and  which,  by  careful  scrutiny  of  the 
character  and  fitness  of  applicants  for  membership,  will  bar  out  the 
unworthy. 

The  suggestion  that  societies  scrutinize  candidates  does  not  imply  that 
there  should  be  a  fixed  standard  of  experience  or  position  required  for 
membership.  Local  associations  must  be  liberal  in  these  respects.  My 
thought  looks  to  character  and  moral  and  mental  fitness,  what  the  man 
is  capable  of  being,  rather  than  to  the  accidents  of  age  and  place.  A 
general  organization  appears  to  me  to  be  desirable  and  practicable.  It 
remains  to  be  seen  whether  the  need  is  recognized  to  the  extent  required 
for  action. 


WILLIAM  RIPLEY  NICHOLS, 

MEMBER   OF  THE  BOSTON  SOCIETY  OF   CIVIL  ENGINEERS.       DIED    JULY    14, 

1886. 


A  Memorial  by  Prof.  Oeorge  F.  Swain. 


In  the  death  of  Professor  Nichols  the  Boston  Society  of  Civil  Engi- 
neers, as  well  as  the  profession  at  large,  has  sustained  a  loss  which  is 
difficult  to  appreciate,  and  which  only  those  who  knew  him  personally 
and  professionally,  and  who  were  familiar  with  the  charm  of  his  private 
life,  and  the  high  scientific  character  of  his  professional  work,  can  fully 
realize.  To  do  justice  to  his  character  and  his  work  in  a  notice  like  this 
is  no  easy  task,  but  however  much  the  writer  may  regret  that  some  one 
better  acquainted  with  the  entirety  of  Professor  Nichols'  labors  was  not 
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selected  to  write  his  memorial,  he  can  at  least  claim  to  have  brought  to 
the  task  a  deep  and  realizing  sense  of  the  gap  which  has  been  left  in  our 
midst. 

William  Ripley  Nichols  was  born  in  Boston  on  the  30th  of  April,  1847. 
After  graduating,  at  the  age  of  16  years,  from  the  Koxbury  Latin  School, 
he  spent  nearly  two  years  abroad,  in  company  with  three  companions 
from  the  same  school,  and  with  his  former  instructor.  During  this  period, 
which  was  iargely  spent  on  the  continent,  he  laid  the  foundation  for 
that  proficiency  in  modern  languages  which  enabled  him  to  read  and 
write  German  and  French  almost  as  faultlessly  as  he  did  his  native 
tongue.  In  fact,  his  intention  at  this  time  was  to  devote  himself  to  the 
study  of  languages,  and  on  his  return  from  abroad  he  entered  Harvard 
College  with  the  class  of  1869.  He  had  attended  that  institution,  however, 
but  a  few  months,  when  some  trouble  with  his  eyes  compelled  him  to 
withdraw,  and  he  soon  after  entered  the  Massachusetts  Institute  of 
Technology,  from  which  he  graduated  in  1869.  His  career  as  a  teacher 
was  early  begun.  Even  before  graduating  he  had  given  instruction 
in  modern  languages,  and  immediately  after  receiving  his  degree 
he  was  appointed  instructor  in  chemistry,  the  science  to  which  he 
had  particularly  devoted  himself  during  his  course.  Promotion  soon 
rewarded  the  earnestness  and  zeal  which  he  displayed  in  his  work  ;  in 
1870  he  was  made  Assistant  Professor,  and  in  1872  Professor  of  General 
Chemistry,  a  chair  which  he  occupied  uninterruptedly  until  his  death. 
But  four  professors  in  that  institution  remain  whose  connection  with  the 
school  dates  back  farther  than  that  of  Professor^Nichols. 

His  literary  work  was  begun  very  early,  even  before  his  graduation 
from  the  Institute.  A  paper  ''  On  the  Chromites  of  Magnesium,"  pub- 
lished in  1868,  and  two  in  1869,  on  the  Oxalates  of  Sodium,  Potassium 
and  Ammonium,  were  extensively  copied  and  quoted  in  foreign  periodi- 
<jals.  He  very  soon,  however,  began  to  devote  particular  attention  to 
questions  of  water  supply,  and  to  other  matters  pertaining  to  the  public 
health;  and  in  1870  he  commenced  a  series  of  investigations  for  the  State 
Board  of  Health  of  Massachusetts,  which  brought  him  prominently  before 
the  public,  and  soon  procured  for  him  a  high  and  enduring  reputation  as 
an  eminent  authority  on  such  subjects.  Most  of  the  reports  of  the  Board 
from  this  time  on  contain  articles  from  his  pen,  often  embodying  the 
results  of  laborious  research,  and  treating  of  such  subjects  as  the  action 
of  Cochituate  water  on  lead  pipes,  the  composition  of  the  ground  atmos- 
phere, the  filtration  of  water,  the  condition  of  certain  rivers  and  ponds 
in  Massachusetts,  the  disposal  of  sewage,  the  pollution  of  streams,  etc. , 
etc.  His  report  on  the  Filtration  of  Potable  Water,  which  originally 
appeared  in  the  report  of  the  State  Board  of  Health  for  1878,  was  in  such 
extensive  demand  that  it  was  published  separately  by  Van  Nostrand,  and 
met  with  a  wide  circulation.  In  1879  he  contributed  the  chapter  on  "Drink- 
ing Water  and  Public  Water  Supplies"  to  Buck's  "  Hygiene  and  Public 
Health,  and  in  :f  883  he  again  appeared  with  a  volume  on  "  Water  Supply, 
Considered  Mainly  from  a  Chemical  and  Sanitary  Standpoint,"  a  work 
which  at  once  took  its  place  as  a  standard  authority  on  the  subject.  He 
Boon  became  recognized  as  one  of  the  leading  authorities  m  this  country 
on  the  subject  of  water  analysis,  to  which  he  devoted  special  attention,  and 


102  ASSOCIATION  OF  ENGINEERING  SOCIETIES. 

his  advice  and  opinion  have  been  sought  by  many  of  the  large  cities  and 
towns  in  New  England, as  well  as  by  many  in  other  parts  of  the  country.  His 
activity  in  this  line  of  investigation  was  uninterrupted,  and  at  the  time  of 
his  death  his  more  extended  published  reports  on  subjects  of  this  kind  num- 
bered about  thirty.  Notwithstanding  this,  he  found  time  for  literary  work 
in  various  other  directions,  as  well  as  for  much  of  a  purely  chemical  char- 
acter. In  1872,  he  published  an  Elementary  Manual  of  Chemistry, 
abridged  from  Eliot  and  Storer's  Manual,  which  was  the  first  book  that 
ever  met  with  marked  success  for  teaching  chemistry  in  the  laboratory  ; 
and  in  1873  he  followed  with  a  revision  of  the  Qualitative  Analysis  of  the 
same  authors,  which  was  also  favorably  received.  Still,  his  labors  in  his 
chosen  field  were  so  extended  and  so  minute  as  to  leave  him  no  time  for 
many  of  the  other  important  branches  of  chemistry  ;  nor  did  he  have  any 
desire  to  dissipate  his  energies  by  attempting  to  cover  too  much  ground. 
He  paid  litrtle  or  no  attention  to  modern  organic  chemistry  or  to 
manufacturing  chemistry,  but  built  his  reputation  upon  his  work  as  a 
sanitary  chemist  and  a  teacher  of  general  chemistry. 

Probably  the  most  striking  characteristic  of  Professor  Nichols'  work 
lay  in  his  minute  and  painstaking  accuracy.  He  never  jumped  at  con- 
clusions ;  he  was  never  satisfied  until  he  was  sure  that  he  was  right. 
Chemists  who  well  knew  him  stated  that  the  painstaking  care  which  he 
bestowed  on  his  work  exceeded  anything  which  they  had  ever  known.  He 
was  not  a  manipulator,  and  did  little  of  his  chemical  work  with  his  own 
hands,  but  was  emphatically  a  head  worker,  a  man  of  much  executive 
ability,  than  whom  no  one  knew  better  how  to  plan  and  carry  on  a  com- 
plex investigation.  The  amount  of  time  and  money  he  spent  in  simply 
verifying  his  results,  to  satisfy  himself  of  their  exactness,  was  very  large. 
He  kept  a  private  assistant  constantly  employed,  more  than  half  of 
whose  time  was  generally  spent  in  this  way.  He  would  take  up  a  new 
method  of  water  analysis,  and  keep  his  assistant  on  it  for  weeks,  verify- 
ing its  accuracy  on  solutions  previously  prepared.  He  even  sent  one  of 
his  assistants  to  England  for  the  express  purpose  of  studying  Frankland's 
method  under  the  direction  of  that  eminent  chemist  himself.  Only  a 
small  fraction  of  his  analytical  results  has  been  published,  but  of  their 
absolute  accuracy  there  can  never  be  any  question  ;  and  his  series  of  in- 
vestigations for  the  State  Board  of  Health  will  always  remain  classic  and 
models'  of  their  kind.  His  enthusiasm  in  his  work  was  unbounded, 
and  he  lost  no  opportunity  of  adding  an  item  of  information  to  his 
store.  He  was  a  member  of  many  scientific  societies,  whose  meetings 
he  always  attended  when  possible,  and  he  made  it  a  point  during  nearly 
every  long  vacation  to  be  present  at  the  gathering  of  some  learned  body. 
Even  during  the  last  year  of  his  life,  when  his  strength  was  slowly  but 
surely  ebbing  away,  his  enthusiasm  was  not  checked  in  the  slightest 
degree.  He  would  cross  the  ocean,  attend  the  meeting  of  some  learned 
body,  and  return  to  his  work  with  renewed  zeal  and  strength.  Even 
this  very  year  it  had  been  his  hope  to  attend  the  meeting  of  the  British 
Association— but  his  end  was  nearer  than  he  thought. 

Prof essor  Nichols  was  one  of  the  few  sanitary  chemists  who  thoroughly 
appreciated  the  close  relation  between  his  specialty  and  the  various 
branches  of  engineering,  and  his  knowledge  of  engineering  works,  details^ 
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and  methods  was  by  no  means  insignificant.  Besides  associating  and 
affiliating  with  eogineers,  he  was  actively  interested  in  this  society,  and 
in  the  various  water-works  associations,  and  he  had  repeatedly  been 
solicited  to  join  the  American  Society  of  Civil  Engineers,  His 
industry  was  remarkable.  He  was  always  engaged  in  some  research, 
and  was  never  satisfied  unless  he  was  accomplishing  something. 
Confined  as  he  was  a  great  portion  of  the  day  to  his  work  at  the 
school,  he  was  in  the  habit  of  doing  most  of  his  literary  work  at  night, 
working  till  very  late  and  rising  early  to  resume  the  welcome  task.  He 
never  neglected  an  opportunity  to  visit  a  locality  where  anything  o' 
interest  in  his  favorite  line  of  study  was  to  be  found,  and  he  personally 
inspected  most  of  the  principal  water-works  and  sewerage  systems  of 
Europe.  He  had  a  large  acquintance  and  correspondence  with  sanitary 
chemists  and  engineers  throughout  England,  Germany  and  France,  and 
his  reputation  there  was  as  high  as  in  this  country.  He  was  a  frequent 
contributor  to  the  Sanitary  Engineer,  the  Journal  of  the  Franklin  Insti- 
tute, and  other  technical  periodicals,  and  he  made  it  a  rule  to  present  at 
least  one  paper  every  year  before  this  society.  But  notwithstanding 
these  multifarious  employments,  he  never  seemed  in  a  hurry,  and  found 
time  for  other  work  to  a  degree  which  was  astonishing.  He  was  too  busy 
to  mix  much  in  society,  but  was  very  much  interested  in  church  affairs, 
holding  for  many  years  the  position  of  clerk  of  the  Highland  Congrega- 
tional Society  and  Assistant  Superintendent  of  the  Sunday  School.  He 
was  never  absent  from  the  meetings  of  the  trustees,  even  when  so  weak 
that  he  had  to  be  brought  in  a  carriage,  and  less  than  eight  months 
before  his  death  he  accepted  the  responsible  post  of  Superintendent  of 
the  Sunday  School. 

His  knowledge  of  books  was  enormous.  He  procured  every  book, 
pamphlet  or  report  which  appeared  in  this  country  or  in  Europe  on 
sanitary  science  from  a  chemical  standpoint,  and  at  the  time  of  his  death 
he  had  accumulated  what  was  probably  the  finest  library  in  this  country 
on  those  subjects.  He  was  very  methodical,  and  kept  a  card  catalogue 
of  every  work  in  his  possession,  numbering  about  one  thousand  volumes 
besides  a  very  large  number  of  pamphlets.  He  did.  a  great  deal  of 
bibliographical  work,  setting  an  example  which  we  would  like  to  see 
more  generally  followed.  His  works  abound  in  copious  references,  and 
at  the  end  of  many  of  his  important  reports  and  papers  he  added  a  valu- 
able bibliography  of  the  subject.  He  also  prepared  the  list  of  Count 
Rumf  ord's  works  published  by  the  American  Academy  in  the  complete 
works  of  Rumford,  and  in  1881,  while  confined  to  his  house  by  the  sickness 
the  result  of  which  five  years  later  carried  him  away,  his  active  mind 
would  not  endure  enforced  idleness,  and  he  busied  himself  in  compiling 
a  complete  catalogue  of  the  works  or  articles  published  by  graduates  or 
teachers  of  the  Institute  of  Technology. 

As  a  teacher  Professor  Nichols  will  long  be  remembered  by  all  who 
came  in  contact  with  him  as  pupils.  He  always  stood  ready  and  willing 
to  aid  those  who  were  anxious  to  learn,  and  in  him  the  students  had  before 
them  always  a  high  and  inspiring  example  of  the  most  careful  and  pains- 
taking accuracy.  If  to  some  he  appeared  at  times  unnecessarily  severe, 
it  was  but  a  consequence  and  a  manifestation  of  the  high  standard  he 
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set  for  himself,  and  to  which  it  appeared  to  him  that  others  ought  also 
to  conform. 

Five  years  ago,  in  June,  1881,  Professor  Nichols  contracted  a  violent 
cold  ;  but  the  seeds  of  disease  had  been  sown  before,  and  this  was  all  that 
was  needed  to  bring  forth  their  fruit.  He  had  overtaxed  his  strength  in 
the  years  gone  by — lived  beyond  his  income — drawn  on  his  physical 
capital.  During  the  winter  of  1881  he  was  confined  to  his  house,  reluc- 
tantly enough,  for  until  then  he  had  never  missed  a  recitation,  either  as 
student  or  professor.  In  the  spring  of  1882  he  returned,  weak  and  en- 
feebled, to  take  charge  of  his  classes.  His  cold  had  developed  into  pneu- 
monia, which  had  been  followed  by  pleurisy,  and  this  had  finally  left  him 
with  empyema,  from  which  he  never  recovered.  Yet  his  spirit  was  not 
quenched,  and  from  the  time  when  he  was  again  able  to  resume  his 
classes  he  pursued  his  work  with  a  pluck  and  determination  that  was 
perfectly  marvelous,  and  that  can  only  be  termed  heroic.  Though  per- 
fectly well  aware  of  his  precarious  physical  condition,  and  under 
circumstances  in  which  most  men  would  have  kept  their  beds, 
he  attended  regularly  to  his  classes,  and  did  not,  I  believe, 
miss  a  single  exercise  until  his  death.  He  was  always  cheer- 
ful, sometimes  even  gay,  and  his  wonted  wit  and  humor 
sparkled  as  ever.  No  one  would  have  suspected  from  his  conversation 
that  he  was  in  anything  but  the  best  of  health.  In  the  summer  of  1884 , 
he  was  in  England,  and  returned  refreshed  and  apparently  better.  But 
he  soon  grew  worse,  and  in  the  spring  of  1885  he  was  obliged  to  leave  his 
home  in  Roxbury  and  to  take  rooms  at  the  Hotel  Brunswick,  not  being 
strong  enough  to  travel  back  and  forth  every  day.  In  the  summer  a 
serious  operation  was  performed,  apparently  with  beneficial  results  ;  but 
during  the  winter  of  1885-6  he  was  so  weak  that  he  was  obliged  every 
day  to  travel  between  the  railroad  station  and  his  house  or  the  school  in 
a  carriage.  Still  he  did  not  miss  a  recitation,  and  during  all  this  time  he 
was  laboring  as  of  old,  making  investigations  in  his  favorite  studies  and 
contributing  articles  to  various  magazines.  No  word  of  complaint 
escaped  him,  though  he  knew  his  end  was  not  far  off,  and  he  worked 
as  before  to  the  limit  of  his  strength. 

During  1884-85  he  had  been  busily  engaged,  conjointly  with  Professor 
W.  T.  Sedgwick,  on  an  investigation  for  the  State  Board  of  Health,  con- 
cerning the  relative  "poisonous  qualities  of  common  illuminating  gas  and 
of  water  gas,  and  at  the  time  of  his  death  he  was  engaged  in  the  prepara- 
tion of  an  index  to  the  literature  of  carbonic  oxide,  and  also,  with  Pro- 
fessor L.  M.  Norton,  in  preparing  a  dictionary  of  chemical  synonyms, 
thus  indulging  both  his  scientific  and  his  bibliographical  tastes.  Even 
as  late  as  May  19  of  the  present  year  he  appeared  before  this  society — his 
last  public  appearance — with  a  paper  on  the  use  of  galvanized  iron  and 
some  other  service  pipes  for  conveying  water.  That  he  fully  appreciated 
his  physical  condition  during  all  this  time  is  shown  by  the  following 
words  which  occur  at  the  close  of  the  preface  to  his  compilation  of  the 
publications  of  teachers  and  students  of  the  Institute  :  "  This  work  will 
be  kept  in  such  shape  that  in  case  of  accident  to  the  present  compiler 
some  one  else  can  readily  take  it  up  and  carry  it  on."  The  accident 
came.      In  June,   1886,   he  went  abroad  to  consult  eminent  medical 
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authority.  Another  operation  was  advised  and  submitted  to,  but  his 
strength  was  too  far  gone,  he  could  not  rally,  and  on  July  14,  at  Ham- 
burg, Germany,  he  quietly  breathed  his  last. 

He  was  a  member  of  the  following  scientific  and  engineering  societies, 
the  mere  enumeration  of  which  will  show  how  wide  was  his  reputation  : 
The  American  Academy  of  Arts  and  Sciences  ;  The  American  Association 
for  the  Advancement  of  Science  (of  which  he  was  in  1884-85  Vice-Presi- 
dent of  the  Chemical  Section);  the  New  York  Academy  of  Sciences  ;  the 
American  Public  Health  Association  ;  the  Boston  Society  of  Natural 
History  ;  the  New  England  Water- Works  Association  ;  the  Society  of 
Arts  ;  the  Deustche  Chemische  Gesellsohaft ;  the  London  Society  of 
Chemical  Industry,  and  the  Boston  Society  of  Civil  Engineers.  After 
his  return  from  England  in  1884,  he  received  from  the  managers  of  the 
International  Health  Exhibition  a  certificate  of  thanks  and  a  bronze 
medal  "  for  services  rendered." 

On  Professor  Nichols'  private  life  it  is  unnecessary  to  dwell  here, 
but  those  who  knew  him  will  not  soon  forget  his  cheerful,  generous, 
and  thoughtful  disposition,  and  his  sparkling  wit  and  humor.  He  was  a 
most  enthusiastic  friend  of  the  Institute  of  Technology,  to  the  success  of 
which  school  he  had  so  largely  contributed,  by  the  devotion  of  a  life 
time.  There  his  memory  will  long  remain  green.  Those  who  were  associ- 
ated with  him  will  need  no  reminder  to  recall  his  presence,  while  his 
magnificent  library,  bequeathed  to  the  school,  will  be  his  monument  for 
future  teachers  and  scholars,  inspiring  them  to  emulate  his  work,  his 
devotion,  and  his  high  example. 


SEMI-ANNUAL  REPORT   OF  THE  COMMITTEE  ON  MECHANICAL 

ENGINEERING. 

TO   THE  CIVIL  ENGINEEKS'   CTiUB   OF  CLEVELAND. 


By  Jos.  Leon  Gobeille,  Chairman. 
[Read  November  28,  1886.] 


Mr.  President  and  Gentlemen :  In  noting  recent  progress  in  mechanical 
engineering,  the  problem  is  not  what  to  write,  but  what  not  to  write. 
The  field  so  broad  ;  the  faculties  of  man  so  acute  ;  the  age  so  fraught 
with  wonders  of  discovery,  of  invention,  and  of  execution,  that  the 
mechanical  engineer  of  to-day  stands  constantly  amid  the  rush  and 
whirl  of  events  and  in  the  presence  of  moving  things,  each  one  a  mar- 
vel ;  in  the  aggregate,  almost  beyond  the  grasp  of  human  intellect. 

Perhaps  the  most  important  progress  in  this  line  during  the  past  year 
has  been  in  the  founding  of  metals,  the  manufacture  of  alloys,  and  the 
reduction  of  refractory  ores.  The  invention  in  Sweden  of  "  Mitis  Metal" 
and  its  recent  introduction  into  this  country  is  bound  to  mark  an  era  in 
metallurgy.  Mitis  is  simply  a  wrought-iron,  which  may  be  melted  and 
cast  precisely  as  cast-iron  now  is.  It  retains  all  the  characteristics  of 
wrought  or  forged  iron,  is  so  fluid  that  rods  no  larger  than  the  bristles  of 
an  ordinary  hairbrush  may  be  cast  without  diflSculty,  and  so  ductile  that 
they  may  be  tied  in  a  knot  without  fracture.     Mitis  requires  no  anneal- 
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ing,  and  what  the  future  of  this  wonderful  metal  and  process  will  be 
none  can  foretell.  It  is  enough  to  think  of,  if  it  be  true,  that  the  most 
intricate,  delicate,  and  ornamental  forms  may  be  as  cheaply  made  of 
wrought  iron  as  of  cast.  Stoves  and  light  hardware  will  be  especially 
improved  by  the  adoption  of  "mitis"  in  their  manufacture.  Through 
the  courtesy  of  Mr.  Durfee,  President  of  the  American  Mitis  Casting  Co.^ 
of  New  York  City,  we  are  enabled  to  place  before  you  samples  of  these 
castings. 

The  advance  in  steel  manufactures  has  been  phenomenal ;  among  other 
things,  notice  the  erection  all  over  the  country  of  small  Bessemer  plants, 
principally  for  making  nail  plate  ;  this  made  necessary  from  the  fact 
that  during  the  past  year  steel  nails  have  largely  displaced  those  made 
from  iron.  Notice  also  that  the  "New  South "  has  its  first  Bessemer 
plant,  located  at  Chattanooga,  Tenn.,  the  blowing  engines  being  designed 
by  Ex-President  J.  F.  Holloway  of  this  Club.  Also,  that  the  recent 
action  of  the  Secretary  of  the  Navy  in  advertising  for  bids  on  ordnance 
and  armor  plates  has  caused  some  activity  among  the  larger  forge  com- 
panies. The  heaviest  forging  for  steel  guns  is  to  be  twelve  and  one-half 
tons  weight,  and  must  be  ready  for  delivery  within  two  and  one  half 
years.  The  largest  piece  of  forged  steel  armor  plate  is  to  be  6'  X  IT' 
6"  X  17''  thick.  All  must  be  made  in  the  United  States.  Also,  that 
the  London  Ironmonger  of  recent  date  mentions  the  phenomenal  output 
of  steel  at  the  combined  works  of  the  Carnegie  Bros.,  Pittsburgh,  for 
August  last,  of  31,083  gross  tons  ;  it  says  that  the  four  largest  sreel  works 
in  the  world  are  now  in  the  United  States,  and  predicts  the  future  suprem- 
acy of  this  country  in  every  art  of  war  or  peace.  Also,  that  the  use  of 
natural  gas  as  a  fuel  has  revolutionized  some  kinds  of  manufactures, 
notably  saws  and  glass.  In  order  to  compete  in  quality  and  price,  al 
saw  manufacturers  will  be  compelled  to  move  their  works  within  th© 
natural  gas  belt. 

Among  what  might  be  termed  the  curiosities  of  steel  manufacture  we 
wish  to  call  attention  to  the  recent  paper  read  before  the  Iron  and 
Steel  Institute,  London,  by  Ferd.  Gautier,  of  Paris,  giving  details  of  the 
process  of  casting  chains  of  the  ordinary  type  in  steel,  making  a  weldless 
link,  and  a  chain  much  more  uniform  and  trustworthy  than  can  be 
made  by  the  old  method.  The  process  is  not  an  intricate  one,  and  it  is 
surprising  that  so  obvious  an  improvement  should  have  been  first 
invented  and  operat'ed  practically  in  France,  instead  of  in  this  country. 

The  method  of  casting  is  briefly  as  follows  : 

A  link  previously  cast  is  placed  in  a  vertical  position  through  an  iron 
casting  block,  which  is,  of  course,  in  two  parts,  one  lying  on  the  other  in 
a  horizontal  plane.  At  one  end  of  this  block  is  the  sprue  hole  which  is 
used  as  a  head  to  feed  the  casting,  this  being  made  in  sand,  so  that  the 
molten  steel  may  be  kept  liquid  as  long  as  possible.  After  being  poured 
the  mold  is  instantaneously  removed  from  the  newly  formed  link,  thereby 
leaving  it  free  to  contract  and  avoiding  cracks  and  strains  from  unequal 
cooling. 

This  link  when  sufiiciently  cooled  is  placed  in  a  vertical  position, 
and  the  operation  repeated  as  before.  Like  many  another  invention,  the 
casting  of  chains  in  metal,  leaving  each  link  free,  is  no  new  thing,  an 
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exceedingly  difficult  form  of  double  link  with  serrated  edges  having  been 
cast,  one  with  another,  in  the  form  of  an  endless  chain  for  use  as  ankle 
and  arm  ornaments,  by  brass  artificers  in  India,  certainly  as  far  back  as 
400  years.  We  have  it  on  very  good  authority  that  a  firm  in  Chicago  are 
now  making  chains,  experimentally,  of  course,  by  rolling  from  a  solid 
square  bar  of  iron  without  welding  a  single  link,  the  prmciple  being  not 
unlike  the  method  of  casting  noted  above.  The  bar  is  squeezed  through 
a  series  of  four  rolls,  the  length  of  the  chain  being  limited  only  by  the 
length  of  the  bar.  In  this  connection  we  call  your  attention  to  a  sample 
of  chain  in  common  use,  the  links  of  which  are  solid  and  put  one  within 
the  other  without  welding  ;  also  to  an  endless  chain  with  weldless 
links  of  the  ordinary  type,  with  molds  for  casting  same,  made  by  a 
member  of  your  committee.  Another  curiosity  is  a  cactus  barb  wire 
rolled  with  the  barb  on. 

Mr.  Percy,  retiring  President  of  the  English  Iron  and  Steel  Institute, 
in  his  presidential  address  read  last  September,  mentions  a  new  process 
of  making  armor  and  other  plate  of  steel,  with  an  iron  centre.  This  may 
have  been  a  novelty  to  him,  but  not  to  the  average  farmer  boy  of  this 
country,  to  whom  the  *'  soft  centre"  plowshare  and  moldboard  is  an 
old  and  mournful  story. 

Aluminium  has  come  into  prominence  during  the  past  year  by  reason 
of  the  invention  of  the  Cowles  process  of  electric  smelting,  with  which 
most  of  you  are  familiar.  The  Cowles  Brothers  are  residents  of  this  city, 
and  have  built  extensive  works  at  Lockport,  N.  Y. 

Through  the  kindness  of  Mr.  Thos.  D.  West,  Superintendent  of  their 
foundry  and  a  member  of  this  Club,  we  are  able  to  show  samples  of  what 
is  known  as  their  "rich  metal,"  which  is  18  per  cent,  aluminium  and  82 
per  cent,  copper,  and  of  other  alloys  of  this  metal.  We  also  call  atten- 
tion to  a  test  bar  12  per  cent,  aluminium  and  88  per  cent,  copper,  which 
broke  at  a  tensile  strain  of  126,000  lbs.,  being  about  twice  the  strength 
of  cast  steel.  If  this  alloy  can  be  produced  at  anything  like  the  cost 
intimated,  so  as  to  have  it  used  practically  in  the  arts,  it  will  be  a  great 
advance  upon  any  known  metal  for  many  purposes.  Already  the  Lock- 
port  concern  is  full  of  orders  for  such  work  as  hydraulic  cylinders  and 
parts  of  machines  requiring  great  strength  with  comparative  lightness. 
The  dynamo  used  at  the  Lockport  works  was  designed  by  Mr.  Chas.  F. 
Brush,  of  this  city,  and  built  under  the  supervision  of  Mr.  N.  S.  Possons, 
of  this  Club.  It  is  much  the  largest  dynamo  ever  built,  as  well  as  the 
best  construction  known.  Its  weight  is  upwards  of  ten  tons,  the  arma- 
ture alone  weighing  43,000  lbs.,  and  the  eight  colossal  magnets  9,295  lbs. 
It  is  driven  by  a  550  h.  p.  turbine,  and  its  design  and  performance  have 
excited  the  wonder  of  every  one. 

Many  of  you  have  no  doubt  read  with  surprise  the  claims  made  in 
foreign  journals  of  the  superiority  of  the  English  fire  engines  over  those 
made  in  this  country.  Your  committee  has  been  to  some  trouble  inves- 
tigating this  matter,  and  finds  that,  as  a  machine,  our  fire  engines  are 
ahead  in  nearly  every  important  particular.  As  a  sample  of  the  reckless 
statements  made,  we  quote  from  an  English  paper  as  follows  : 

"  Competition  between  English  and  American  Fire  Engines. — The 
Montreal  City  Council,  desirous  of  increasing  its  fire-extinguishing  plant, 
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recently  invited  tenders  from  all  parts  of  England,  Europe,  and  America, 
to  which  eight  firms  responded.  A  special  committee  was  appointed  to 
consider  the  various  advantages  claimed  by  each  firm  for  their  engine  ; 
the  committee  reported  in  favor  of  the  Merryweather  '  Greenwich,'  and 
the  Ahrens  engine  '  Cincinnati,  O.,'  as  worthy  of  being  tested.  Trials  of 
the  respective  merits  of  these  two  engines  were  made,  with  the  result 
that  the  decision  unanimously  fell  to  the  '  Greenwich.'  " 

This  clipping  was  sent  to  the  parties  most  interested,  and  following  is 
an  extract  from  the  letter  of  the  Ahrens  Manufacturing  Co. : 

"  We  desire  to  state  that  the  article  is  not  founded  on  facts,  as  we  did 
not  have  an  engine  in  competition  with  the  Merryweather,  and  did  not 
test  an  engine  for  the  committee  as  stated.  All  that  we  did  do  was  to 
simply  send  a  proposition  there  for  what  we  would  furnish  an  engine, 
and  gave  it  no  more  attention,  personally  or  otherwise."  This  is  about 
the  status  of  all  the  reports. 

Locally  in  this  line  has  been  added  by  this  city  a  fire-boat,  within  the 
period  covered  by  this  report,  which  is  something  of  a  novelty  and  a 
credit  alike  to  the  city  and  to  the  engineer  who  designed  it. 

In  this  connection  we  notice  that  the  old  "  President"  engine  at  the 
zinc  mines  at  Friedensville,  Pa.,  has  been  set  at  work  after  a  rest  of  more 
than  seven  years.  It  may  not  be  known  to  all  present  that  this  is  the 
largest  engine  in  the  world,  being  of  more  than  5,000  H.  P.,  requiring  a 
daily  ration  of  28  tons  of  coal  to  feed  its  battery  of  16boilers,  and  with  each 
revolution  of  its  ponderous  fly-wheel  throwing  up  17,500  gallons  of  water. 

In  pumping  engines  an  attachment  brought  out  by  the  Worthington 
Hydraulic  Works,  Brooklyn,  N.  Y.  (of  which  Mr.  W.  M.  Barr,  a  Mem- 
ber of  this  Club  is  Superintendent)  seems  to  be  of  great  importance.  It  is,  in 
brief,  a  substitute  for  the  fly-wheel,  being  a  conservator  of  energy.  Without 
going  into  details,  it  consists  of  two  small  oscillating  cylinders  attached 
to  an  extension  of  the  plunger  rod  of  the  engine,  preferably  beyond  the 
water  end.  These  cylinders  and  their  connecting  pipes  are  filled  with 
water  or  other  liquid.  Compressed  air  from  a  storage  tank  is  admitted 
at  a  suitable  pressure  to  maintain  a  constant  load  upon  the  pistons  in  the 
cylinders,  through  the  medium  of  the  interposed  water.  These  pistons 
act  in  such  a  way  with  respect  to  the  motion  of  the  engine,  as  to  resist 
its  advance  at  the  commencement  of  the  stroke  and  assist  it  at  the  end, 
the  air,  meanwhile,  exerting  its  unvarying  pressure  at  each  point  of  the 
stroke.  The  two  C3"linders  act  in  concert,  and,  being  placed  directly  oppo- 
site each  other,  relieve  the  crosshead  to  which  they  are  attached  of  any 
sliding  fractional  resistance,  and  the  engine  of  any  lateral  strain.  By 
thus  alternately  taking  up  and  exerting  power  through  the  difference  in 
the  angle  at  which  their  force  is  applied  with  respect  to  the  line  or 
motion  of  the  plunger  rod,  these  two  cylinders,  in  effect,  perform  the 
functions  of  a  fly-wheel,  but  with  the  important  mechanical  diffe^'ence 
that  they  utilize  the  constant  pressure  of  compressed  air  instead  of  the 
energy  of  momentum. 

Speaking  of  pumping  machinery  reminds  us  that  Mr.  E.  D.  Leavitt» 
Jr.,  consulting  engineer  of  the  Calumet  &  Hecla  Mining  Co.,  and  also 
for  the  firm  of  Henry  R.  Worthington,  Brooklyn,  N.  Y.,  generally 
acknowledged  to  be  one  of  the  highest  authorities  on  pumping  machin- 
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ery,  in  his  Sibley  College  lecture  of  July,  1886,  closes  with  the  following 
summary  : 

"  From  what  has  been  said  it  will  be  seen  that  high  duty  may  cost  too 
much.  Its  value  must  be  predicated  on  the  saving  of  fuel,  as  balanced 
by  the  interest  and  depreciation  account  of  the  extra  expenditure  for 
plant.  If  the  saving  tips  the  scale,  high  duty  is  a  good  investment ;  other- 
wise not."  This  is  a  business  statement,  applicable  alike  to  other  kinds 
of  machinery  if  we  change  "  saving  of  fuel "  to  "  saving  of  labor."  Mr. 
Leavitt  then  goes  on  to  say  that  "among  the  most  successful  examples 
of  high  duty  pumping  engines,  commercially  considered,  that  have  come 
under  the  writer's  notice  are  those  of  Pawtucket  and  Providence,  R.  I., 
and  Lynn,  Mass.,  in  all  of  which  instances  comparatively  small  engines, 
of  moderate  first  cost,  are  made  to  do  a  large  amount  of  work  by  means 
of  high  pressure  steam  and  high  piston  speed.  The  key  to  established 
success  appears  to  be  the  adoption  of  these  twin  adjuncts  of  economy." 
If  this  is  admitted  it  is  but  a  step  to  the  advocating  of  high  speed  station- 
ary engines  for  general  use. 

As  connected  with  hydraulics,  we  note  that  William  Anderson,  M. 
Int.  C.  E.,  M.  R.  I.,  in  a  paper  read  before  the  Royal  Institute  of  Great 
Britain,  April  9Lh,  called  attention  to  the  diminution  of  cork  under 
pressure,  and  advocated  its  use  in  some  places  instead  of  air,  in  air 
chambers.  Thus,  in  hydraulic  rams,  where  it  is  necessary  to  keep  air  in 
the  air  chamber,  to  have  a  steady  flow  and  to  prevent  the  shocks  of  the 
water  from  breaking  the  machine.     We  quote  from  the  paper : 

*'  When  air  is  used  for  this  purpose,  the  air  vessel  has  to  be  filled,  and 
with  most  kinds  of  water  the  supply  has  to  be  kept  up  while  the  ram  is 
working,  because  water  under  pressure  absorbs  air.  For  this  purpose  a 
*  sniff  valve '  is  a  necessary  part  of  all  rams.  It  is  a  minute  valve,  open- 
ing inward,  placed  just  below  the  inner  valve  ;  at  each  recoil  a  small 
bubble  of  air  is  drawn  in  and  passed  into  the  air  vessel.  This  sniff  valve 
is  a  fruitful  source  of  trouble.  Its  minuteness  renders  it  liable  to  get 
stopped  up  by  dirt  ;  it  must  of  course  be  submerged,  and,  if  too  large,  it 
seriously  affects  the  duty  performed  by  the  ram.  The  use  of  cork  gets 
rid  of  all  these  difficulties  ;  no  sniff  valve  is  needed,  the  ram  will  work 
deeply  submerged,  and  there  is  no  fear  of  the  cork  vessel  ever  getting 
empty.  The  duty  which  even  the  little  ram  before  you  has  done  is  65  per 
cent.,  and  larger  ones  have  reached  80  per  cent." 

Another  novel  application  of  cork  is  for  the  purpose  of  storing  a  por- 
tion of  the  energy  of  the  recoil  of  cannon  for  the  purpose  of  expending 
it  in  running  them  out  of  the  port  holes  after  reloading. 

A  bridge  across  the  Hudson  River  at  Poughkeepsie,  N.  Y.,  has  some- 
thing of  interest  besides  the  fact  that  it  is  an  undertaking  of  great  mag- 
nitude. It  will  cost,  with  its  approaches,  upward  of  $10,000,000,  but  the 
point  to  which  we  call  your  attention  is  that  the  plan  contemplates  a 
machine  shop  and  a  blacksmith  shop  erected  on  the  ice  in  the  middle  of 
the  river,  the  best  practical  way  of  handling  the  material  and  placing  it 
in  position  nececessitating  a  great  deal  of  work  to  be  done  on  the  spot, 
and  consequently  during  the  winter  season. 

At  the  session  of  the  Institute  of  Naval  Architects  in  April,  Mr.  Hal 
read  a  paper  on  Flexible  Shafting  for  Screw  Steamers,  describing  a  plan 
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by  which  he  hopes  to  reduce  the  number  of  breakages  or  serious  accidents 
to  the  screw-shafts  of  ocean  going  steamers,  the  importance  of  which 
may  be  inferred  when  it  is  taken  into  account,  that  it  is  no  uncommon 
event  for  some  vessels  to  require  a  new  shaft  every  one  or  two  years,  and 
in  the  majority  of  vessels  seven  years  is  considered  a  good  life  for  the 
shaft.  In  very  few  vessels  is  the  fear  of  breakage  minimized  to  the 
extent  that  the  fear  of  a  boiler  explosion  is.  Mr.  Hall  contended  that  in 
many  cases  there  is  a  want  either  of  accuracy  in  the  line  of  shafting  and 
its  bearings,  or  of  rigidity  in  the  hulls  of  steamships.  The  method  pro- 
posed for  remedying  these  is  to  use  flexible  cranks  and  flexible  couplings 
on  the  shafts  at  about  two  or  three  places  in  its  length,  depending  on 
length  of  shaft,  etc.  The  details  of  the  scheme  has  been  invented  and 
patented  by  others.  The  thrust  of  the  shaft  has  been  taken  by  ball 
bearings  to  reduce  the  friction,  and  it  is  said  to  work  satisfactorily. 

During  a  recent  visit  to  the  Morgan  Engineering  Works,  Alliance,  O., 
the  great  increase  in  the  use  of  traveling  cranes  of  late  was  apparent. 
Thirteen  cranes  were  in  process  of  construction,  two  being  upwards  of 
sixty  feet  span.  Also  two  shears  nearly  completed  at  the  same  works 
were  designed  to  cut  a  plate  of  cold  steel,  one  and  three-fourths  inches 
thick  and  ten  feet  wide. 

A  beautiful  example  of  mechanical  engineering  is  the  dome,  telescope 
and  apparatus  being  built  for  the  Lick  Observatory  by  Messrs.  Warner  A; 
Swasey,  of  this  ciiy,  both  members  of  this  Club.  This  apparatus  is  the 
largest  in  the  world,  and,  mechanically  considered,  nothing  so  far  made 
even  approaches  it. 

A  machine  deserving  of  mention  is  the  box-nailing  machine  of  Lines 
and  Bredman.  Its  construction  (judging  from  the  description  and  plates) 
is  not  complicated  enough  to  render  it  objectionable,  but  still  too  much 
so  to  be  described  here.  It  is  calculated  that  each  machine  will  perform 
the  work  of  8  men,  while  the  work  is  superior  to  hand  work.  It  received 
the  highest  award  at  the  inventors'  exhibition  last  year. 

We  have  touched  upon  only  a  few  of  the  things  we  ought  to  notice, 
your  Committee  being  of  the  opinion  that  the  report  should  be  as  brief  as 
possible,  that  more  time  might  remain  to  the  individual  membership  for 
discussion  or  for  the  bringing  up  matters  omitted  from  this  report. 


DISCUSSION  ON  MR.    GOBEILLE'S  EEPORT. 

Mr.  Gobeille  explained  that  mitis  iron  stands  10  per  cent,  less  strain 
than  wrought  iron,  but  because  it  has  no  fibre  it  is  stronger  in  the  other 
dimensions.  Mitis  has  all  the  characteristics  of  wrought  iron  and  none 
of  steel — you  cannot  temper  it.     It  is  strong  and  tough. 

Mr.  A.  E.  Brown  :  Is  there  any  place  in  this  country  where  steel  cast- 
ings can  be  obtained  with  practical  uniformity  of  quality  ?  I  have 
struggled  for  four  or  five  years  to  find  such  castings. 

Mr.  Holloway  :  I  would  say,  speaking  of  castings  in  general,  that  it  is 
very  difficult  to  make  steel  casting  uniform.  One  of  the  greatest  diflS- 
culties  is  the  shrinkage  of  the  metal.  If  the  casting  is  intricate,  it  is 
very  difficult  to  get  it  out  of  the  mold  before  shrinkage  shortens  it  so  as  to 
cause  fractures.  Steel  castings  have  been  made,  however,  very  success- 
fully for  a  great  many  years.     I  believe  that  Mr.  HoUey,  in  his  travels 
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abroad,  found  a  place  in  France  where  they  were  enabled  to  make  very 
sound  castings,  but  I  do  not  know  what  were  the  component  narts  of 
the  metal.  The  blow-holes  of  ordinary  casting  arise  from  gas  inside  and 
not  from  impurities  in  the  metal.  When  the  casting  becomes  semi-fluid, 
the  gas  forms  blow-holes.  There  is  a  great  difficulty  in  overcoming  the 
tendency  to  shorten  up  and  strain  itself  while  in  the  mold.  We  have 
had  steel  casting  made  that  might  weigh  a  ton  at  least.  Even  with  cast- 
ing of  that  size  they  are  obliged  to  open  the  mold  as  60on  as  they  can. 
Castings  made  several  years  ago,  said  to  be  steel  casting?,  were  very 
hard  ;  that  was  one  of  the  great  difficulties.  Even  with  the  softer  cast- 
ings now  made,  it  is  found  desirable  to  heat  and  anneal  them  before 
working.  It  is  very  difficult  to  overcome  the  tendency  to  internal  strain 
in  certain  parts  of  the  metal.  If  the  casting  is  put  into  an  annealing 
furnace  and  allowed  to  cool  very  gradually,  it  is  relieved  from  its  liabil- 
ity to  break. 

Mr.  West  :  I  have  had  some  experience  in  the  casting  of  strong  metals, 
and  I  think  there  will  always  be  a  difficulty  in  overcoming  shrinkage. 
A  good  deal  depends  upon  the  mold.  There  is  a  company  in  Alliance 
called  the  Solid  Steel  Company.  They  will  send  out  for  a  time  good  solid 
castings,  and  then  for  a  while  there  will  be  blow-holes  discovered,  A 
great  deal  lies  with  the  molder. 

Mr.  Dunham  :  Do  they  take  any  pains  to  bring  the  mold  to  a  high 
degree  of  temperature  ? 

Mr.  A.  E.  Brown  :  In  Japan,  I  believe,  in  casting  iron  they  heat  the 
mold  as  well  as  the  metal.  This  is  done,  also,  in  China  in  casting  rice 
pans,  where  the  casting  is  not  over  one-sixteenth  of  an  inch  thick.  I 
think  it  might  be  applied  to  steel  castings.  Has  Mr.  West  had  experi- 
ence in  casting  ten-per-cent.  aluminum  bronze  ? 

Mr.  West  :  There  is  considerable  difficulty  in  obtaining  good  castings 
on  account  of  contraction.  About  the  moment  of  solidification,  if  the 
metal  finds  the  least  resistance  to  its  contraction,  it  will  tear  itself  apart. 

Mr.  A.  E.  Brown  :  I  understood  that  ten  per  cent,  aluminum  could  be 
treated  in  the  same  way  as  ordinary  bronze  casting.  If  it  has  the  same 
difficulty  as  the  steel  in  a  mechanical  point  of  view,  I  should  think  there 
would  be  the  same  difficulty  from  the  engineering  stand-point,  namely, 
uncertainty  of  strain. 

Mr.  Deering  :  Is  the  aluminum  which  they  mix  with  the  copper  pure  ? 

Mr.  West :  Aluminum  is  obtained  from  the  electrical  furnace  alloyed 
with  copper.  It  is  put  in  in  the  shape  of  corundum.  It  contains  48  per 
cent,  of  aluminum,  2  of  silicon,  and  50  per  cent,  of  oxygen.  Fifteen 
pounds  of  corundum  are  put  into  the  furnace  with 

pounds  of  copper.  There  is  no  certainty  about  the  percentage  which  is 
obtained. 

Mr.  Deering  :  If  they  could  produce  pure  aluminum  would  it  not  make 
better  casting  than  the  form  of  which  you  speak  ? 

Mr.  West :  It  would  be  an  advantage  if  pure  aluminum  could  be 
delivered  to  founders,  but  so  far  they  can  only  obtain  it  in  alloy. 

Mr.  Swasey  :  I  understand  that  pure  aluminum  retains  its  lustre  in  the 
atmosphere,  but  does  it  not  corrode  rapidly  when  brought  into  contact 
with  acids  ? 
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Mr.  Wood  :  It  dissolves  with  great  ease  in  hydrochloric  acid.  Nitric 
acid  has  no  effect  on  aluminum.  Am  not  sure  about  sulphuric.  Prob- 
ably all  the  chlorides  would  corrode  it  rapidly.  Aluminum  itself  is  very 
soft  and  very  weak.  It  is  only  valuable  when  alloyed.  It  will  never 
enter  into  engineering  enterprises  on  account  of  its  expense.  Aluminum 
burns  at  a  very  high  temperature.  With  regard  to  the  aluminum  bronze 
castings  there  are  two  things  which  enter  into  the  calculation.  All  alloys 
of  copper  have  excessive  shrinkage  or  excessive  differences  at  extreme 
temperatures,  but  as  they  melt  at  a  much  lower  temperature  than  steel, 
it  would  be  a  nice  calculation  to  determine  whether  one  or  the  other 
would  have  the  more  shrinkage  in  casting.  It  would  be  difficult  to  tell 
which  would  be  greater  on  account  of  difference  in  temperature  and 
difference  of  expansion  and  contraction,  copper  alloys  being  much 
affected  by  heat  and  steel  being  difficult  to  fuse. 

Mr.  Deering  :  What  is  the  difference  in  temperature  in  the  melting 
point  of  copper  and  aluminum  ? 

Mr.  Wood  :  Copper  at  1,900,  aluminum  1,200,  steel  2,500  or  3,000. 

Mr.  Herman  :  I  have  read  that  the  Chinese  have  a  process  of  preparing 
copper  so  that  it  will  take  a  quantity  of  steel  and  can  be  used  as  steel,  or 
in  place  of  steel. 

Mr.  H.  C.  Thompson  :  A  party  in  the  United  States  has  taken  out  a 
patent  on  that.  Among  other  things  journal  boxes  are  being  made.  I 
saw  one  sample  where  it  had  made  19,000  miles  on  a  locomotive  tender. 
The  party  told  me  that  they  had  brought  copper  tools  to  an  edge  sharp 
enough  to  shape  different  articles  as  desired. 

Mr.  A.  E.  Brown  :  Aluminum  is  now  said  to  be  a  very  weak  metal.  A 
year  ago  it  was  predicted  that  it  would  be  used  for  bridges  on  account  of 
its  strength.  The  Cowles  Brothers  say  that  it  is  equal  to  good  wrought 
iron.     Its  specific  gravity  is  two  and  six-tenths. 

Mr.  N.  B.  Wood  :  Aluminum  is  really  a  very  weak  metal.  Anything  to 
the  contrary  must  be  a  mistake.     I  cannot  give  the  exact  tensile  strength. 

Mr.  West :  With  reference  to  aluminum  burning,  the  longer  it  remains 
in  the  crucible  the  more  its  strength  increases. 

Mr.  Latimer  :  Does  it  not  volatilize  ? 

Mr.  West :  No  ;  there  is  loss  in  re-melting  metals,  probably  about  4  per 
cent.     In  the  case  of  iron,  we  find  from  8  to  10  per  cent.  loss. 

Mr.  Wood  :  The  increase  of  strength  may  be  due  to  loss  of  aluminum 
by  oxidation.  In  alloys  of  aluminum  10  per  cent,  would  be  perhaps  bet- 
ter than  12.  

Mr.  Holloway  :  With  regard  to  this  question  of  substituting  cork  for 
air  in  air  chambers.  There  is  great  difficulty  in  keeping  air  in  the  air 
chamber  in  the  hydraulic  press.  Devices  are  constantly  being  gotten  up 
to  supply  the  deficiency.  If  it  is  true  that  a  substitute  like  cork  can  be 
used  under  heavy  pressure  and  maintain  its  elasticity  it  will  be  valuable 
to  manufacturers. 

Mr.  Herman:  In  regard  to  the  absorption  of  air  by  water  under  press- 
ure water  absorbs  oxygen.  I  think  the  cork  used  should  be  granulated 
cork.  In  that  shape  cork  would  have  a  great  deal  of  elasticity  and 
retain  it. 
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Mr.  A.  E.  Brown :  There  is  one  point  that  would  make  cork  of  value. 
Cork  itself  consists  of  a  number  of  air  cells  which  are  water  tight.  A 
piece  of  rough  cork  consists  of  an  infinite  number  of  air  sacs,  but  I  fail  to 
see  how  it  could  be  used  in  a  granulated  form. 

Mr.  HoUoway  :  If  these  cells  are  packed  so  that  the  fluids  cannot  get  to 
them  of  course  they  are  constant  reservoirs  of  air.  I  suppose  that  under 
pressure  the  cells  might  be  broken  and  filled  up. 

Mr.  Brown  :  Prof.  Michelson  says  that  cork  is  compressible  to  one- 
twentieth  of  its  original  volume,  if  so  it  must  be  almost  air. 

Mr.  Barber  :  I  think  that  the  cells  in  the  cork,  while  under  pressure, 
are  acted  upon  in  such  a  manner  by  the  pressure  that  it  would  be  im- 
possible to  rupture  them.  That  pressure  is  uniform  is  illustrated  by 
placing  a  rubber  bag  in  a  quantity  of  water  ;  the  bag,  although  made  of 
soft  rubber,  will  compress  uniformly.  I  suppose  each  cell  in  the  cork 
will  act  in  the  same  way.  There  is  an  article  on  this  subject  in  the 
October  number  of  Van  Nostrand's  monthly. 


Mr.  Holloway :  We  have  a  very  modest  Member  here  (not  the  gentle- 
man speaking),  to  whose  work  I  should  like  to  call  attention.  It  is  known 
to  some  of  us  that  Mr.  Swasey  has  contrived  a  very  ingenious  gear  cut- 
ting machine.  I  only  saw  it  in  process  of  construction.  We  all  know 
that  in  gear  cutting  machinery  there  has  been  a  vast  amount  of  knowl- 
edge expended.  I  believe  that  Mr.  Swasey  has  struck  upon  a  new  and 
unknown  method. 

Mr.  A.  E.  Brown  :  I  would  like  to  add  that  I  have  seen  the  machine 
working,  and  have  heard  it  spoken  of  as  one  of  the  most  wonderful  of 
its  kind.  I  saw  the  cutter  revolving  in  the  gear  that  had  been  finished. 
A  piece  of  paper  was  held  under  it,  and  there  was  not  a  particle  of  dust 
upon  the  paper,  which  proved  that  it  did  its  work  perfectly. 

Mr.  Swasey  :  I  tried  to  take  advantage  of  one  of  the  oldest  principles 
of  gearing  on  the  interchange  system.  I  simply  tried  to  turn  what  is 
called  the  Lang  system  around.  I  reasoned,  if  all  gears  will  run  into  a 
rack,  then  with  a  revolving  rack  or  cutter  I  can  cut  all  gears.  It  became 
then  a  mechanical  problem  to  make  a  revolving  rack.  I  will  not  now 
say  more  in  regard  to  the  machine,  but  hope  to  have  the  pleasure  of 
explaining  it  more  in  detail  at  some  future  meeting. 

Mr.  Wood  :  I  have  also  seen  the  machine  working,  and  it  was  a  marvel 
to  me  to  find  a  machine  that  could  cut  any  kind  of  gear  from  a  200- 
tooth  gear  down  to  ll-tooth,  with  the  same  cutter. 

Mr.  Latimer  :  I  would  like  to  call  your  attention  to  Mr.  Brown's  ma- 
chine for  handling  ore.  It  is  not  one  of  the  present  year,  but  there  has 
been  work  done  upon  it  recently  to  make  it  somewhat  new.  I  do  not 
think  there  is  anywhere  superior  machinery  for  this  purpose. 
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ANNUAL  BEPOBT  OF  THE  CHAIRMAN  OP  THE  BOARD. 


To  the  Association  of  Engineering  Societies : 

The  fifth  annual  statement  of  the  Board  of  Managers  of  the  Association,  which 
is  hereby  respectfully  presented,  shows  no  radical  changes  in  the  affairs  of  the 
Association  since  the  last  annual  report. 

The  membership  of  the  Associated  Societies  has  continued  to  increase  in  a  greater 
ratio  than  heretofore.  When  it  is  remembered  that  no  accessions  have  come  from 
the  outside,  but  that  the  increase  is  due  wholly  to  the  growth  of  the  several 
Societies,  the  rate  of  increase  becomes  peculiarly  noticeable. 

The  total  membership  of  the  Societies  belonging  to  the  Association  as  shown  by 
the  mailing  list,  Nov.  1.,  the  close  of  each  fiscal  year,  is  as  follows  : 


1883. 
1883. 
1884. 


405 
460 
524 


1885. 
1886. 


573 
656 


Two  Societies,  viz. ,  the  Boston  Society  of  Civil  Engineers  and  the  Western  Soci- 
ety of  Engineers,  have  a  membership  of  174  each,  and  are,  under  the  Articles  of 
Association,  each  entitled  to  two  representatives  in  the  Board  of  Managers. 

In  accordance  therewith  the  former  Society  has  appointed  Prof.  Winfield  S. 
Chapin  as  their  second  representative. 

The  Western  Society  has  not  yet  availed  itself  of  this  privilege,  but  it  is  to  be 
expected  that  it  will,  early  in  1887.  Aside  from  the  case  above  noted,  there  has 
been  no  change  in  the  personnel  of  the  Board,  which  now  stands  as  follows,  viz. : 

Horace  L.  Eaton  and  Prof.  Winfield  S.  Chaplin,  for  the  Boston  Society  of  Civil 
Engineers  ;  Prof.  J.  B.  Johnson,  for  the  Engineers'  Club  of  St.  Louis  ;  M.  E.  Raw- 
son,  for  the  Civil  Engineers'  Club  of  Cleveland  ;  Geo.  W.  Cooley,  for  the  Engi- 
neers' Club  of  Minnesota  ;  C.  J.  A.  Morris,  for  the  Civil  Engineers'  Society  of  St. 
Paul  ;  Benezette  Williams,  for  the  Western  Society  of  Engineers,  and  H.  G. 
Prout,  Secretary. 

The  publication  of  the  Index  has  been  continued  during  the  past  year,  and,  as 
at  the  end  of  the  previous  year,  will  be  rearranged  alphabetically,  with  additions 
and  cross  references,  and  published  in  a  separate  form,  suitable  for  binding  with 
the  Journal. 

The  increase  in  the  receipts  from  sales  and  subscriptions  to  the  Journal,  as 
shown  by  the  Fourth  Annual  Report,  has  remained  about  the  same  for  the  past 
year,  showing  that  the  Index  is  still  exerting  the  effect  then  noted. 

No  meeting  of  the  Board  has  been  held  during  the  year,  but  owing  to  the  in- 
crease in  the  number  of  Managers  and  other  possible  changes,  a  meeting  should  be 
held  early  in  1887  to  consider  Association  affairs  and  to  re-organize  the  Board. 
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The  expenditures  of  the  Association  for  Vol.  V.  are  as  follows  : 

Composition,  press  work,  paper,  binding  and  mailing $1,526.46 

Engraving 321,25 

Expenses 573.84 

Postage 64.04 

Deficit,  Vol.  IV 32.45 


Receipts  as  follows  : 

Boston  Society  of  Civil  Engineers $480.25 

Western  Society  of  Engineers 370.00 

Engineers'  Club  of  St.  Louis 379.00 

Civil  Engineers'  Club  of  Cleveland 399.00 

Engineers'  Society  of  Minneapolis 1 16.75 

Civil  Engineers'  Society  of  St.  Paul ...    62.00 

$1,807.00 

Sales $116.72 

Subscriptions 202.12 

Advertising 311.68 

630.52 


J,518.04 


$2,437.52 


Leaving  a  deficit  of $80.52 

This  deficit  being  slightly  larger  than  the  one  appearing  at  the  end  of  last 
year,  and  there  having  been  assessments  to  the  amount  of  $3  per  copy  of  the 
Journal  taken  by  the  Societies  collected  during  the  year,  it  is  seen  that  the  cost 
of  the  Journal  has  been  a  few  cents  more  than  $3. 

Since  the  organization  of  the  Association  the  assessments  have  averaged  $3  per 
annum  per  copy  taken  by  the  several  Societies.  In  addition  to  this,  an  entrance 
fee  of  50  cents  per  member  was  paid  by  each  Society. 

Besides  $127  due  from  advertisements,  the  Association  has,  as  assets,  back 
numbers  of  the  Journal,  which  wiU  be  sold  from  year  to  year. 

Respectfully  submitted,  Benezettb  Williams,  Chairman, 

Chicago,  December  30,  1886. 


BOSTON  SOCIETY  OF  CIVIL  ENGINEERS. 


January  19,  1887  :— A  regular  meeting  of  the  Boston  Society  of  Civil  Engi- 
neers was  held  and  called  to  order  at  7 :45  p.  m.  ,  Vice-President  L.  Fred.  Rice  in 
the  chair,  twenty-two  Members,  two  visitors  present. 

The  record  of  the  last  meeting  was  read  and  approved. 

Messrs.  W.  R.  Billings,  W.  S.  Brown,  G.  W.  Hamilton,  C.  A.  Pearson,  J.  Son- 
dericker  were  elected  Members  of  this  Society. 

Messrs.  E .  H.  Lmcoln,  Charles  Mills,  James  E.  Stone  were  proposed  for  mem- 
bership, recommended  by  F.  L.  Fuller,  F.  W.  Hodgdon,  E.  W.  Bowditch,  G.  M. 
Tompson,  C.  Harris,  G.  W.  Blodgett. 

On  motion  of  the  Librarian,  it  was  voted  :  That  the  sum  of  thirty  dollars,  or  so 
much  thereof  as  is  necessary,  be  appropriated  for  binding  the  periodicals  of  the 
Society  for  the  year  1886,  and  for  other  purposes  in  the  Library. 

Mr.  E.  C.  Clarke  presented  the  subject  of  "Emergency  Lectures."  These 
lectures  are  designed  to  explain  the  proper  means  to  be  employed  in  caring  for 
men  injured  by  accident  or  otherwise,  and  are  given  by  a  qualified  surgeon,  who 
explains  his  methods  by  applying  them  to  a  boy,  and  further  illustrates  by  the 
use  of  a  skeleton.  It  was  the  opinion  of  the  members  present  that  such  a  course 
of  lectures  would  be  of  interest  and  of  undoubted  service.  On  motion  it  was 
voted:  That  the  subject  of  emergency  lectures  be  referred  to  the  Government, 
with  instructions  to  take  the  necessary  steps  to  organize  such  a  course. 

Mr.  George  W.  Blodgett  lead  a  paper  on  the  Steam  Engine  in  Electric  Lighting. 

Mr.  L.  Fred.  Rice  described  some  problems  in  construction  met  with  in  prac- 
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tice,  exhibited  drawings  of  several  roofs  of  curious  design,  and  explained  the 
construction  of  the  Green  River  bridge,  Troy  &  Greenfield  Railroad. 
lAdjourned.']  H.  L.  Eaton,  Secretary. 

REPORT  SUBMITTED  DECEMBER  15,  1886. 

Your  Committee  appointed  to  consider  the  communication  of  the  American  So- 
ciety of  Civil  Engineers,  of  Sept.  1,  1886,  would  respectfully  recommend  the 
adoption  of  the  following  resolutions,  as  expressing  the  opinion  of  this  Society: 

That  such  an  arrangement  as  will  lead  to  the  joint  publication  of  the  papers  of 
the  engineering  societies  of  the  United  States  is  very  desirable. 

That  a  closer  union  of  the  American  Society  and  the  local  societies  would  be 
for  the  benefit  of  the  engineering  profession. 

That  this  Society  would  be  glad  to  consider  any  proposition  from  the  American 
Society  looking  towards  the  accomplishment  of  these  ends. 

Respectfully  submitted,  F.  P.  Stearns, 

W.  S.  Chaplin, 
J.  E.  Cheney, 
Wm.  E.  McClintock. 
On  motion,  it  was  voted,  That  the  report  of  this  Committee  be  accepted  and 
adopted,  and  a  copy  be  sent  to  the  American  Society  cf  Civil  Engineers. 


ENGINEERS'  CLUB  OF  ST.  LOUIS. 

SPECIAL  MEETING. 


December  21,  1886: — A  special  meeting  of  the  Club  was  called  by  the  President 
to  take  action  in  regard  to  the  death  of  Col.  C.  Shaler  Smith.  The  meeting  was 
called  to  order  at  4 :45  p.  m.  ,  at  Mercantile  Library,  President  Potter  in  the  chair, 
and  twenty-three  members  present. 

The  Chair  stated  his  reasons  for  calling  the  Club  together,  announcing  the  death 
of  Col.  C.  Shaler  Smith,  and  calling  attention  to  his  valuable  services  to  the  Club 
and  his  high  standing  in  the  profession.  He  suggested  some  action  on  the  part  of 
the  Club  appropriate  to  the  occasion. 

On  motion,  the  Club  decided  that  the  Chair  appoint  a  committee  of  three  to  draft 
suitable  resolutions  to  be  presented  at  the  next  meeting  of  the  Club.  Messrs.  R.  E. 
McMath,  E.  D.  Meier  and  J.  B.  Johnson  were  appointed  such  committee. 

The  Chair  called  upon  members  of  the  Club  for  remarks.  Col.  E.  D.  Meier  spoke 
of  the  lovable  character  of  the  deceased,  and  the  pleasure  of  intercourse  with  him, 
both  in  business  and  socially.  His  versatility  of  talent  and  his  familiarity  with 
all  the  branches  of  engineering  were  remarkable.  His  original  experiments  and 
research  were  of  great  value  to  the  profession.  Col.  Smith  would  be  best  remem- 
bered in  St.  Louis  by  his  connection  with  the  St.  Louis  bridge  and  the  St.  Louis 
Exposition,  the  sucpess  of  the  machinery  department  being  due  to  him.  Col. 
Meier  related  the  accident  which  resulted  in  his  death.  Col.  H.  C.  Moore  spoke 
briefly  of  the  standing  of  the  deceased  in  the  profession. 

H,  P.  Taussig,  formerly  an  assistant  to  Col.  Smith,  spoke  briefly  of  his  inter- 
course with  him.  Prof.  Potter  mentioned  a  letter  dictated  by  Col.  Smith  very 
recently,  which  was  full  of  cheerfulness.  Professor  Johnson  spoke  of  the  wonder- 
ful amount  of  work  carried  on  by  Col.  Smith.  The  training  received  by  the 
young  engineers  in  his  employ  would  perpetuate  his  influence  on  the  profession. 

On  motion,  it  was  decided  that  the  Club  attend  the  funeral,  and  the  Secretary 
was  directed  to  tender  the  family  the  services  of  pall-bearers,  if  no  other  arrange- 
ments had  been  made. 

It  was  suggested  that  a  committee  on  memoir  be  appointed  at  the  next  regular 
meeting.  The  matter  of  a  floral  tribute  was  left  in  the  hands  of  the  Committee  on 
Resolutions. 

It  was  directed  that  the  Club  meet  at  2828  Washington  avenue,  a  half  hour 
before  the  hour  announced  for  the  funeral  services. 

lAdjourned.}  Wm.  H.  Bryan,  Secretary. 


Editors  reprinting  articles  from  this  journal  are 
requested  to  credit  both  the  Journal  and  the 
Society  before  which  such  articles  were  read. 


ASSOCIATION  OF  ENGINEERING  SOCIETIES. 


ORGANIZED     1881. 


"Vox.  "^X.  FEBRUAET-APEIL,    1887.  ^STo-  4. 

2  his  Association,  as  a  body,  is  not  responsible  for  the  subject  matter  of  any  Society,  or 
for  statements  or  opinions  of  any  of  its  members. 

FORMULAS  FOR  BEARING  POWER  OF  PILES. 


Ira  O.  Baker,  Member  of  the  Western  Society  of  Civil  Engineers. 

[Read  February  1,  1887.1 


§  L  Although  this  is  not  by  any  means  the  most  important  ques- 
tion which  the  engineer  meets,  it  is  of  enough  practical  importance  to 
warrant  a  better  treatment  than  the  writer  has  seen.  The  state  of 
knowledge  of  this  question  is  hardly  creditable  to  the  profession.  There 
is  no  lack  of  formulas,  but  no  one  need  be  astonished  to  find  that  any 
two  taken  at  random  will  give  very  different  results.  If  the  formulas 
for  which  there  seems  to  be  good  authority  be  applied  to  any  particular 
case  there  will  be  an  astonishing  divergence  in  the  results  ;  the  writer 
remembers  an  article  on  this  subject  which  quotes  four  formulas,  of 
wliich  the  largest  result  was  1,771  times  the  smallest.  The  practicing 
engineer  has  neither  the  time  nor  patience  to  search  through  the  tailings 
of  the  numerous  mathematical  threshing  machines  to  see  if  there  are 
any  grains  of  wheat  ;  he  either  rejects  the  whole  mass  and  trusts  to  his 
own  experience  and  judgment,  or  takes  an  average  of  all  the  formulas 
he  can  find  and  feels  that  he  is  in  accord  with  the  combined  wisdom  of 
the  profession.  The  self-reliant  man  chooses  the  former,  the  timid  trusts 
to  the  latter.  This  is  no  picture  of  the  fancy  ;  both  cases  frequently 
occur.  Neither  is  creditable  nor  scientific.  The  wi iter  asks  your  atten- 
tion a  few  moments  to  an  examination  of  this  question  to  see  if  the  limit? 
of  the  unknown  and  uncertain  cannot  be  contracted  a  little. 

§  2.  Two  cases  must  be  distinguished,  that  of  columnar  piles  or  those 
whose  lower  end  rests  upon  a  hard  stratum,  and  that  of  ordinary  bearing 
piles  in  which  the  supporting  power  is  due  to  the  friction  of  the  earth  on  the 
sides  of  the  pile.  In  the  first  case,  the  bearing  power  is  Hmited  by  the 
strength  of  the  pile  considered  as  a  column,  and,  since  the  earth  prevents 
lateral  deflection,  at  least  to  a  considerable  degree,  the  strength  of  the 
pile  will  approximate  closely  to  the  crushing  strength  of  the  material. 
This  case  needs  no  consideration  here. 

There  are  two  methods  which  have  been  used  to  determine  the  supporting 
power  of  a  pile  driven  by  the  impact  of  a  hammer.  One  consists  in  com- 
puting the  power  required  to  force  the  pile  into  the  ground,  from  the 
relation  of  length  and  size  of  pile,  weight  and  velocity  of  the  ram,  and 
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the  distance  the  pile  moved  at  the  last  blow.  The  second  method  con* 
sists  in  determining  the  supporting  power  by  applying  a  direct  pressure  or 
load  to  the  head  of  the  pile.  Each  of  these  methods  may  be  sub-divided 
into  two  others. 

The  formula  for  bearing  power  in  terms  of  weight  and  length  of  pile, 
weight  and  velocity  of  hammer,  etc.,  may  be  determined  from  a  con- 
sideration of  the  theoretical  conditions  involved,  or  a  relationship  may  be 
determined  by  experiment.  We  will  call  the  formula  deduced  by  the 
first  method  a  rational  formula  /or  sttpporfmgr  poit?er,  and  that  by  the 
second  an  empirical  formula  for  supporting  power. 

§  3.  Rational  Formula. — When  the  ram  strikes  the  head  of  the  pile, 
the  first  effect  is  to  compress  both  the  head  of  the  pile  and  the  ram  ; 
the  more  the  ram  and  pile  are  compressed  the  more  the  force  required, 
until  finally  the  force  of  compression  is  sufficient  to  force  the  pile 
through  the  soil.  The  amount  of  the  pressure  on  the  head  of  the  pile, 
when  it  begins  to  move,  is  what  we  wish  to  determine. 

To  produce  a  formula  for  the  pressure  exerted  upon  the  pile,  by  the 
impact  of  a  descending  weight,  let 
W  =  the  weight  of  the  ram. 
w  =    ''        "  "     pile. 

S=    *'  section      '*     ram. 
s  =    "        "  "     pile. 

L  =    "  length       "     ram. 
Z  =    "       "  ''     pile. 

E  =  the  co-efficient  of  elasticity  of  the  ram. 
e=  "  •'  "      pile. 

V  =  the  velocity  with  which  the  ram  strikes  the  pile. 

h  =  the  height  of  fall  necessary  to  attain  the  velocity  v;  h  =  —- 

d  =  the  penetration  of  the  pile,  i.  e.,  the  distance  the  lower  end  of 

the  pile  is  moved  by  the  last  blow. 
P  =  the  pressure  which  is  just  able  to  move  the  pile  the  very  small 
distance  d,  i.  e.,  the  pressure  produced  by  the  last  blow  ;  or, 
briefiy,  P  may  be  called  the  supporting  power.     If  distances 
are  taken  in  feet  and  weights  in  pounds,  the  resulting  value 
of  P  will  give  the  sustaining  power  in  pounds  per  square  foot 
of  head  of  pile,  and  similarly  for  other  dimensions. 
Then  Wh  is  the  accumulated  energy  of  the  ram  at  the  instant  it  strikes 
the  head  of  the  pile.     This  energy  is  used  up  (1)  in  compressing  the  ram, 
(2)  in  compressing  the  head  of  the  pile,  and  (3)  in  moving  the  pile  as  a 
whole  against  the  resistance  of  the  soil. 

In  the  early  stage  of  the  contact  between  ram  and  the  pile,  part  of  the 
energy  of  the  ram  is  being  used  up  in  overcoming  the  inertia  of  the 
pile  ;  but  in  the  last  stage  of  the  compression,  this  energy  is  given  out 
by  the  stoppage  of  the  pile.  At  most,  the  effect  of  the  inertia  of  the  pile 
IS  small ;  and  hence,  the  effect  of  the  inertia  and  weight  of  the  pile  will  be 
neglected. 

(1).  The  energy  consumed  in  compressing  the  hammer  is  represented 
by  the  product  of  the  compression  or  shortening  of  the  ram  and  the 
mean  pressure.    From  the  principles  of  the  resistance  of  materials,  the 
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P  L 
tshortening  or  compression,  for  a  pressure  P,  is  3—^  provided  the   press- 

ure  P  is  uniform  throughout.  In  the  case  of  a  striking  weight,  the  press- 
ure, which  is  due  to  inertia,  varies  as  the  material,  or  the  pressure  at 
an  y  point  in  the  ram  varies  as  its  distance  from  the  face ;  an  d  hence  the  mean 

P  L 
pressure  on  the  ram  is  ^  P.     Consequently  the  shortening  is  i  ^j-^. 

If  the  fibres  of  the  face  of  the  ram  are  not  seriously  crushed,  the  mean 
pressure  will  be  one-half  of  the  maximum  pressure  due  to  impact  ;  or  the 
mean  pressure  during  the  time  the  ram  and  pile  are  being  compressed  is 

i  P.    Then  the  energy  consumed  is  J    ^  ^  . 

(2).  The  mean  pressure  on  the  head  of  the  pile  is  ^  P  as  above.  For 
simplicity  assume  that  the  pile  is  of  uniform  section  throughout.  To 
determine  the  shortening,  notice  that  for  the  part  of  the  pile  above  the 
ground  the  maximum  pressure  is  uniform  throughout,  but  that  for  the 
part  under  the  surface  the  maximum  pressure  varies  as  some  function 
of  the  length.  Weisbach  makes  no  distinction  between  the  two  parts  of 
the  pile,  and  evidently  assumes*  that  the  pressure  is  uniform  through- 
out. Rankine  makes  no  distinction  between  the  two  parts,  and  assumesf 
the  pressure  to  vary  directly  as  the  length.  Neglecting  to  distinguish 
between  the  two  parts  of  the  pile  is  equivalent  to  assuming  that  the 
whole  pile  is  in  the  ground.  With  a  pile  wholly  immersed  the  maximum 
pressure  will  be  uniform  throughout  only  when  the  whole  resistance  to 
penetration  is  at  the  point.  Such  a  condition  will  never  be  realized  in 
practice.      Hence  the  assumption,  Weisbach's,  that    the  shortening  is 

PI 
uniform  throughout  and  equal  to  —  is  not  the  proper  one.    For  a  pile 

wholly  immersed  the  assumption,  Rankine's,  that  the  pressure  varies  as 

PI 
the  length,  and  that  hence  the  shortening  is  i  —  is  at  least  very  nearly 

S  G 

true.     But,  remembering  that  the  resistance  is  generally  greater  at  the 

lower  end  than  at  the  upper,  and  that  any  swaying  or  vibration  of  the 

upper  end  will  still  further  diminish  the  resistance  near  the  top,  possibly 

some  value  intermediate  between  the  two  preceding  ones  would  more 

nearly  represent  the  actual    conditions  of    ordinary  work.      "We  will 

assume  that  the  mean  pressure  on  the  fibres  of  the  pile  is  two-thirds  of 

that  on  the  head,  which  is  equivalent  to  assuming  that  the  shortening 

PI 
is  f  — ,  when  the  pile  is  wholly  immersed.     If  only  a  part  of  the  pile  is 

P  /'  P  7  P 

in  contact  with  the  soil  the  shortening  will  be H  f  — ^  =  —  {V+  f  ?i) 

in  which  V  is  the  exposed  portion  and  l^  the  part  immersed.     For  sim- 
plicity in  the  following  discussion  the  shortening  of  the  pile  will  be 

PI 
taken  at  f  — .    If  a  formula  is  desired  for  the  case  when  the  top  pro- 

*  Mechanics  ot  Engineering,  Ith  ed.  (Coxe's  Translation),  p.  699, 
t  Civil  Engineering,  p.  602. 
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jects  above  the  ground,  it  will  only  be  necessary  to  substitute  (f  V  +  l^} 
for  I  in  the  three  following  equations  : 
Under  the  first  assumption,  the  energy  lost  in  the  compression  of  the 

pile  is  I ;  under  the  second  it  is  i   ,    and    for    the    intermediate 

s  e  s  e 

P2   I 

value,  as  above,  it  is  i .     The  last  will  be  used  in  the  following  dis- 

o   o 

cussion. 
(3).  The  energy  represented  by  the  penetration  of  the  pile  is  P  d. 
§  4.  Gathering  these  results  together  we  have 

p2    7  p2   7 

From  which 


V 


WJ       '^'^S  Ese  dQd^_S^E^s^e^  _     QdS  Ese 


_      .  QS  Ese  ^  ,^^^ 

Puttmg  3  j^gg  ^  AISE  ^  ^'         ^^  becomes 


P  =  ^y%  qWh  +  q^  d^  —qd.  (3) 


Equation  (3)  is  the  same  as  Weisbach's,  except  in  form  and  for 
the  reason  stated  in  paragraph  (2)  of  the  preceding  article. 

Weisbach's  formula  can  be  obtained  by  writing  ^  instead  of  the  J  and 
i  in  (1),  and  solving  ;  it  is^ 


P  = 


{i^){\/^{^^)'^'^+<^'-'')'     <^) 


in  which  H  =  ——,  and  H^  =  -^, 

Eankine's  formula  can  be  obtained  from  (1)  by  neglecting  the  term 
expressing  the  energy  consumed  in  the  compression  of  the  ram,   and 
p2   I  pzi 

writing  i instead  ot  ^  —  ,  i.  e.,  assume  the  compression  of  the  pile 

s  e  s  e 

to  vary  with  the  depth,  and  then  solving  ;  it  is  f 


,    MWhse        4:d''  s^  e-        2dse 


§  5.  An  examination  of  equation  (2)  shows  that  the  pressure  upon 
the  pile  varies  with  the  height  of  fall,  the  weight,  section,  length  and 
co-eflScient  of  elasticity  of  both  ram  and  pile,  and  with  the  penetration. 
It  is  easy  enough  to  see  that  the  weight  of  the  ram  and  the  height  of 
the  fall  should  be  included.  The  penetration  is  the  only  element 
which  varies  with  the  nature  of  the  soil,  and  so  of  course  it 
should  be  included.  If  any  one  will  try  to  drive  a  large  nail 
into  hard  wood  with  a  piece  of  leather  or  rubber  intervening  between 
the  hammer  and  the  head  of  the  nail,  he  will  be  impressed  with  the  fact 
that  the  yielding  of  the  leather  or  rubber  appreciably  diminishes  the 
effectiveness  of  the  blow  ;  essentially  the  same  thing  occurs  in  trying  to 
drive  a  large  nail  with  a  small  hammer,  except  that  in  this  case  it  is  the 
yielding  of  the  material  of  the  hammer  which  diminishes  the  effect  of 

*Mechanics  of  Engineering,  p.  701. 
t  Civil  Engineering,  p.  604. 
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the  blow.  In  driving  piles  the  material  of  the  pile  and  ram  act  as  the 
rubber  in  the  first  illustration,  and,  reasoning  by  analogy,  those  elements 
which  determine  the  yielding  of  the  material  of  the  pile  and  ram  should 
be  included  in  the  formula.  Obviously  the  pressure  due  to  impact 
will  be  greater  the  harder  the  material  of  the  pile.  Consequently  the 
length,  section  and  co-efficient  of  elasticity  of  the  material  of  the  pile 
and  ram  should  be  included.  The  yielding  of  the  material  of  the  ram 
is  probably  small,  and  might  possibly  be  omitted,  but  as  it  adds  no  com- 
plication, as  will  appear  presently,  it  is  included.  Notice  that  Weisbach's 
and  Rankine's  formulas  omit  it.  Notice  that  if  the  head  of  the  pile  is 
bruised  or  "broomed,"  the  yielding  will  be  increased,  and  consequently 
the  pressure  due  to  the  blow  will  be  decreased. 

In  this  connection  the  following  table,  given  by  Don.  J.  Whittemore  in 
the  Transactions  of  the  American  Society  of  Civil  Engineers,  Vol.  XII., 
page  443,  to  show  the  gain  in  efficiency  of  the  driving  power  by  cutting 
off  the  bruised  or  broomed  head  of  the  pile,  is  very  instructive.  The  pile 
was  of  green  Norway  pine;  the  ram  was  of  the  Nasmy  th  type,  and  weighed 
2,800  pounds ;  the  face  was  36  inches.  The  numbers  in  the  first 
column  are  the  successive  feet  of  penetration;  in  the  second  the  num- 
ber of  blows  required  to  drive  the  pile  the  corresponding  foot. 


3. 
4. 
5. 
6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 


5 
15 

Head  adzed  off. 

15 

275 

?0 

16 

572 

P9 

17 

832 

85 

18 

825* 

46 
61 

Head  adzed  off. 

19 

213 

73 

20  

275 

109 

21 

371 

153 

22 

378* 

257 

684 

Total  No.  of  blows 

5228 

A  similar  pile  driven  near  the  former  under  similar  conditions  required 
9,933  blows. 

Notice  that  the  average  penetration  per  blow  was  2^  times  greater  dur- 
ing the  15th  foot  than  during  the  14th  ;  and  nearly  4  times  greater  in  the 
19th  than  in  the  18th.  It  does  not  seem  unreasonable  to  believe  that  the 
first  blows  after  adzing  the  head  off  were  correspondingly  more  effective 
than  the  later  ones  ;  consequently  it  is  probable  that  the  first  blo>vsfor 
the  15th  foot  of  penetration  were  more  than  5  times  as  efficient  as  the  last 
ones  for  the  14th  foot,  and  that  the  first  blows  for  the  19th  foot  were  8 
or  10  times  more  efficient  than  the  last  ones  for  the  18th  foot.  This 
shows  how  unscientific  it  is  to  prescribe  a  limit  for  the  penetration  with- 
out specifying  the  accompaning  condition  of  the  head  of  the  pile,  and 
also  that  a  volley  of  two  or  three  blows  (the  penetration  per  blow  can  be 
obtained  more  accui-ately  by  taking  the  mean  for  two  or  three  than  by  a 
single  blow)  is  better  than  more. 

Also  since  the  co-efficient  of  elasticity  of  sound  material  is  included  in 
the  formula,  the  head  of  the  test  pile  should  be  sawed  off  so  as  to  present 
a  solid  surface  for  the  last  or  test  blow  of  the  ram. 

The  formula  is  approximate,  since  the  assumptions  made  in  deducing  it 

*  Possibly  a  typographical  error;  possibly  evidence  that  the  surface  had  begun  to 
consolidate. 
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may  not  be  strictly  realized  in  practice.  It  is  also  approximate  because 
of  the  neglect  of  the  retarding  effect  of  the  friction  of  the  falling  weight 
against  the  air  and  the  vertical  guides.  These  two  elements  diminish  the 
effect  of  the  blow,  but  the  amount  cannot  be  computed.  The  smaller  the 
fall  the  more  nearly  will  the  formula  give  the  true  supporting  power,, 
for  then  the  loss  due  to  friction  against  the  guides  and  air  is  least. 

For  the  cases  as  they  occur  in  common  practice,  q  in  (3)  is  about  6,000,. 
when  the  other  data  are  given  in  feet  and  tons. 

Although  a  formula  derived  in  this  way,  involving  so  many  assump- 
tions the  effect  of  a  small  error  in  which  cannot  readily  be  seen,  and 
depending  upon  so  many  variables,  the  values  of  which  cannot  easily  be- 
found,  cannot  be  relied  upon  implicitly,  it  is  valuable  as  showing  the 
law  of  variation  of  the  pressure  and  also  as  showing  the  conditions  which 
should  be  fulfilled  by  an  empirical  formula. 

If  it  is  thought  not  desirable  to  trust  entirely  to  theory,  then  the 
formula 

P  =  4/2  qWh  +  q^  d^  —  q  d  (6) 

may  be  considered  as  giving  only  the  form  which  the  empirical  formula 
should  have  ;  under  this  condition  q  becomes  a  numerical  co-efficient  ta 
be  determined  by  experiment.  The  experiment  must  be  made  by  driv- 
ing a  pile  and  measuring  d,  after  which  the  sustaining  power  of  the  pile 
must  be  determined  by  applying  a  direct  pressure.  Of  course,  the  last 
blow  must  fall  on  sound  material.  The  observed  values  of  P  and  d  are 
to  be  inserted,  and  the  value  of  q  found  by  solving  the  equation.  Each 
experiment  will  give  a  value  of  q,  and  since  q  varies  with  the  section, 
length  and  co-efficient  of  elasticity  of  ram  and  pile,  the  experiments  should 
Include  all  values  of  the  variables  that  are  likely  to  occur  in  practice,  and 
those  occurring  most  frequently  should  predomiDate  in  the  experiments. 
The  mean  value  of  q  should  be  used  in  the  final  formula. 

The  writer  has  been  unable,  even  though  he  has  spent  considerable 
time  in  the  search,  to  find  any  record  of  experiments  by  which  he  might 
determine  the  value  of  q ;  generally  some  important  factor  is  lacking. 
The  only  experiments,  even  roughly  approximating  the  right  conditions,, 
are  the  two  recorded  in  Trautwine's  Pocket  Book,  Ed.  1885,  pp.  643-4. 
These  are  unsuitable  for  this  purpose,  since  we  know  certainly 
that  for  one  of  them  (the  second)  the  last  blow  was  not 
struck  on  sound  wood,  and  as  it  is  highly  probable  that 
for  the  other  it  was  not.  The  first  example  (after  reduc- 
ing to  a  2, 000-lb.  ton)  makes  q  =  1.5;  assuming,  as  seems  reasonable  in  the 
light  of  the  above  table,  that  if  the  last  blow  had  been  delivered  on  sound 
wood,  the  penetration  would  have  been  nearly  three  times  as  much,  will 
give  q  =  6,000.  The  second  example  as  recorded  makes  q  =  335.  In 
this  case  we  know*  that  the  pile  had  received  59  blows  of  a  light 
hammer,  with  a  fall  increasing  gradually  from  6  to  35  feet,  without  the 
head  having  been  cut  off,  and  that  hence  the  last  blow  was  not  struck 
on  sound  wood  ;  assuming  that  if  the  last  blow  had  been  struck  on 
sound  wood  the  penetration  would  have  been  doubled,  will  give  q=  6,000^ 

When  the  pile  is  driven  to  absolute  refusal,  d  =  0,  and  the  formula 

*  Circular  of  the  Office  of  Ch.  of  Engs.,  U.  S.  A.,  Nov.  12,  1881,  PUe  Foundations  and 
Pile  Driving  Formulae,  page  R,  table  of  penetrations. 
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becomes  simply,  but  accurately,  P  =  yq  Wh,  which  shows  a  slightly 
different  way  of  determining  q. 

To  deduce  an  empirical  formula  of  a  little  greater  accuracy  than  as 
above,  notice  that  the  q  in  the  second  and  third  terms  of  the  right-hand 
member  of  (ti)  depends  upon  the  form  of  ram  and  pile  only,  while  the 
value  of  q  in  the  term  2  g  W  h,  it  determined  by  experiment,  will  also 
depend  upon  the  amount  of  energy  lost  by  the  friction  of  the  ram  on 
the  guides  and  against  the  air.     We  may  then  write  the  formula 

P=    V'^q'  wh  +  q^  d^  —qd,  (8) 

in  which  g"  and  q  are  numerical  co-eificients  to  be  determined  by  experi. 
ment.  Each  experiment  will  give  an  equation  of  condition  ;  and  the  only 
correct  way  of  determining  q'  and  q  from  these  equations  is  by  the 
method  of  least  squares.  Many  empirical  formulas  are  in  error  owing  to 
a  failure  in  this  respect. 

§  6.  Empirical  Formulas. — The  reader  should  constantly  bear  in 
mind  that  any  empirical  formula  is  only  a  condensed  table  of  values,  and 
that  generally  it  gives  only  a  mean  of  such  values.  The  law  which  it  is 
desired  to  express  in  an  empirical  formula  may  be  of  such  a  nature  that 
a  mean  value  is  of  little  or  no  use.  For  example,  suppose  it  were  desired 
to  find  an  empirical  formula  for  the  value  of  the  tangent  of  an  angle  ; 
we  might  find  the  tangent  for,  say,  1°,  11°,  21°,  31°  and  41%  and  divide 
the  sum  of  the  tangents  by  the  sum  of  the  angles  ;  the  quotient  (0.2)  is 
the  mean  value  of  the  tangent  of  1°.  The  empirical  formula  would 
then  become  the  tangent  of  an  angle  is  equal  to  0.2  times  the  number  of 
degrees.  Obviously  such  a  formula  is  inapplicable  to  angles  near  90*,  and 
it  is  rudely  approximate  for  angles  within  the  limits  from  which  it  waa 
derived.     It  is  evident  that  this  empirical  formula  is  of  the  wrong  form. 

Even  if  the  formula  is  of  the  correct  form,  it  is  equally  essential  that 
the  value  of  the  constants  therein  should  be  correctly  determined.  For 
example  :  suppose  that  it  were  desired  to  determine  the  equation  of  the 
straight  line  A  B,  Fig.  1.  Since  the  given  line  is  straight,  we  will  assume 
that  the  empirical  formula  is  to  be  of  the  form  y  =  m  x.  We  might 
find  m  by  measuring  the  ordinates  1,  2,  3,  and  place  m  equal  to  their 
mean.  If  1,  2,  3,  be  the  numerical  values  of  the  respective  ordinates,  the 
formula  becomes  y  =  2x,  which  gives  the  line  O  C,  the  mean  ordinate  to 
0  C  is  equal  to  the  mean  ordinate  to  A  B,  but  the  two  are  not  by  any 
means  the  same  line. 

For  another  illustration  assume  that  some  law  is  correctly  represented 
by  the  curve  A  B,  Fig.  2.  The  form  of  the  empirical  formula  may  be 
such  as  to  give  the  curve  C  D.  These  curves  coincide  exactly  at  two 
points,  and  the  mean  ordinate  to  the  two  curves  is  the  same.  To  use  a 
common  expression,  we  may  say  that,  "  on  the  average,  the  empirical 
formula  agrees  exactly  with  the  facts;"  but  it  lies,  nevertheless. 

Even  if  of  the  correct  form  and  correctly  deduced,  an  empirical  for- 
mula can  be  safely  applied  only  within  the  limits  of  those  values  from 
which  it  was  determined.  For  example,  a  law  may  be  represented  by 
the  curve  AFB,  Fig.  3  ;  from  observations  made  in  the  region  AF,  the 
empirical  law  has  been  determined,  which  gives  the  curve  C  E  D.  To  use 
an  empirical  formula  intelligently,  it  is  absolutely  necessary  that  the 
limits  of  the  values  from  which  it  was  derived  be  known. 
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Of  course,  the  observations  from  which  the  empirical  forraula  was 
deduced  cannot  properly  be  used  to  test  the  correctness  of  the  formula  ; 
such  a  procedure  can  only  check  the  mathematical  work  of  deriving  the 
constants. 

Elementary  as  the  preceding  principles  are,  many  empirical  formulas 
are  worthless,  owing  to  a  disregard|of  these  conditions  in  deducing  them. 
The  discovery  of  a  law  and  the  expression  of  it  in  mathematical  formula 
requires  talent  of  no  low  order,  and  the  skill  required  increases  very 
rapidly  with  the  complication  of  the  law. 


Fig.   1. 


Fig.  2. 


0 


Fig.  3. 

§  7.  We  will  now  consider  some  of  the  empirical  formulas  which  have 
been  proposed  for  the  supporting  power  of  piles.  It  will  not  be  necessary 
to  consider  all  that  have  been  proposed  ;  some  are  manifestly  too  absurd 
for  a  moment's  thought.  We  will  discuss  only  those  that  are  frequently 
quoted.  It  will  not  be  necessary  to  consider  formulas  for  the  supporting 
power  of  piles  used  as  columns. 

HaswelVs  formula*  for  the  dynamical  effect  of  a  falling  body 
is  P  =  4.426  W  V,  "as  deduced  from  experiments."     Notice  that  the 

*  Pocket-Book,  p.  419. 
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formula  neglects  entirely  the  yielding  of  both  bodies.  A  formula  similar 
to  this  can  be  obtained*  by  letting  a  weight  fall,  and  measuring  the  re- 
sulting pressure  by  a  coiled  spring;  if  only  one  weight  and  a  single  spring 
are  used,  the  pressure  will  vary  as  the  velocity;  but  if  different  falling 
weights  and  springs  of  different  stiffness  are  used,  it  will  be  impossible  to 
express  the  results  in  a  formula  of  the  above  form.  This  formula  is  prob- 
ably correct  within  the  limits  and  under  the  conditions  for  which  it  was 
deduced,  but  these  limits  and  conditions  are  immensely  different*  from 
those  of  common  pile  driving. 

Beaufoy  is  often  credited  with  the  formula  P  =  0.5003  W  V^,  "as  de- 
termined by  experiment."  Notice  that  it  involves  and  neglects  the  same 
elements  as  the  preceding,  but  makes  the  pressure  vary  as  the  square  of 
the  velocity.  A  formula  similar  in  form  to  the  above  can  be  deduced  by 
using  the  same  falling  weight  and  springs  of  such  relative  stiffness  as 
will  stop  the  weight  in  the  same  distance.!  It  is  worth  noticing  that  if 
the  experiments  are  made  with  different  weights  and  the  same  spring  the 

formula  becomesf  P  =  c  v  V  TF,  in  which  c  is  some  constant. 

This  and  the  preceding  formula  were  without  doubt  deduced  from  ex- 
periments made  by  letting  weights  of  a  few  ounces  fall  a  few  inches  and 
strike  against  a  small  spiral  spring.  The  magnitude  of  the  experiments 
was  such  as  to  invalidate  the  constants,  and  the  manner  of  making  the 
experiments  invalidates  the  forms  of  the  equations.  They  would  give 
the  same  bearing  power  for  all  coils,  other  things  being  the  same.  Farther 
comment  is  unnecessary. 

Major  Sanders^  formula  is  often  used  by  U.  S.  Aj:my  engineers  and 

frequently  quoted  by  others  ;  it  is  P^  =  -rr-rj  in  which  P^  is    the  safe 

o  a 

bearing  power,  which  is  some  fractional  part  of  the  ultimate  supporting 

power.     The  original  article^  is  not  at  hand,  and  it  is  not  known  how  it 

was  deduced  ;  but  it  looks  very  much  as  though  the  formula  assumed 

that  the  energy  of  the  falling  weight  was  wholly  employed  in  forcing 

W  h 
the  pile  into  the  ground— i.  e.,  that  P  d  =  W  h,  or  P  =  -3—,   and   took 

the  safe  working  load  taken  as  one-eighth  of  the  ultimate  supporting 

W  h 
power — i.  e.,  P"  =  i  P  =   3— r .    The  falsity  of  such  an  assumption  is  ap 

o  a 

parent.  If  this  formula  were  applied  to  the  case  of  an  elastic  pile  driven 
in  soft  soil  by  a  light  hammer  with  a  long  fall  (remember  that  the  greater 
the  velocity  the  greater  the  loss  of  energy  due  to  impact),  it  will  give 
nearly  or  quite  infinity  for  the  bearing  power,  when  probably  a  steady 
pressure  only  a  few  times  greater  than  the  weight  of  the  hammer  would 
force  the  pile  into  the  ground.  Although  it  is  always  referred  to  as 
being  "  deduced  from  experiments,"  it  is  difficult  to  believe  that  such  is 
the  case  ;  it  looks  very  much,  like  a  crudely  approximate  theoretical 

formula. 

W^  h 
Colonel  Mason'' s  formula  is  P  =  777= 7,,  in  which  iv  is  the  weight 

*'  {W  +  wdy 

*  Van  Nostrand^s  Magazine,  Vol.  17,  pp.  325. 

t  Ibid. 

t  Jour.  Frank.  Inst.,  3d  series,  Vol.  XXU. 
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of  the  pile.  This  is  the  same  as  one  of  Weisbach's  approximate  formulas,* 
which  he  states  is  applicable  only  when  the  pile  drives  very  easily  ;  it 
assumes  that  the  whole  energy  of  the  falling  weight  is  used  in  overcom- 
ing the  resistance  to  penetration.  As  in  the  preceding  case,  this 
is  frequently  referred  to  as  a  "  practical  formula,"  but  an 
exammation  of  the  original  memoir  f  shows  that  it  is  wholly 
a  theoretical  formula,  with  no  pretensions  of  being  anything  else. 
The  formula  is  sometimes  referred  to  as  having  been  "  tested  by  a  series 
of  experiments  ;"  apparently  the  only  basis  for  this  is  that  the  piles  upon 
which  Fort  Montgomery  (Rouse's  Point,  N.  Y.)  stood  from  1846  to  1850 
without  any  sign  of  failure,  when  tested  by  tkis  formula  showed  a  co-ef- 
ficient of  safety  of  3y%.  The  evidence  is  not  conclusive  ;  first,  the  factor 
is  large  enough  to  cover  a  considerable  error  in  the  formula  ;  second, 
since  the  formula  assumes  that  all  of  the  energy  in  the  descending  ram  is 
used  up  in  overcoming  the  resistance  to  penetration,  the  computed  bear- 
ing power  is  too  small,  and  consequently  the  co-efficient  of  safety  is  even 
greater  than  as  stated  ;  and  third  it  is  probably  safe  to  say  that  after  a 
pile  has  stood  a  short  time  its  bearing  power  is  greater  than  at  the 
moment  the  driving  ceased,  owing  to  the  settlement  of  the  earth  about  it. 

W^   h 
Nystrom's  formulaX  is  P  =  -—^^ —-^,  in  which  w  is  the  weight  of 

the  ram.     Notice  the  similarity  in  form  between  this  and  the  preceding 

one ;  since  it  involves  the  same  terms,  it  should  have  the  same  form. 

Wli 
In  a  later    book§    Nystrom    gives    the    form   P  =   f  — — ,    the    as- 

sumption  being  that  *'  about  25  per  cent,  of  the  energy  of  the  ram  is  lost 
by  the  crushing  of  the  head  of  the  pile'''  (italics  by  the  writer  of  this 
article).  Both  of  these  formulas  are  roughly  approximate  rational 
formulas,  although  often  cited  as  "practical  formulas." 

McAlpine's  formula  is||  P  =  80  (PF  tons  +  0.228  ^h  ft.  —  1). 
It  was  deduced  from  experiments  made  in  connection  with. the  construc- 
tion of  the  Brooklyn  dry-dock.  "  The  piles  were  chiefly  of  spruce  tim- 
ber from  25  to  40  feet  long,  averaging  32  feet  driven  length.  They  were 
from  12  to  18  inches  diameter  at  the  head,  and  never  less  than  7  inches 
at  the  foot.  The  soil  was  silicious  sand  with  comminuted  particles  of 
mica  and  a  little  vegetable  loam  and  generally  encountered  in  the  form 
of  quick- sand.  The  hammers  weighed  from  1,000  to  4,500  lbs. ;  the  final 
fall  varied  from  35  to  40  feet."  Concerning  the  form  of  the 
equation,  notice  that  it  makes  one  portion  of  the  pressure 
due  to  impact,  vary  as  the  weight  of  the  ram,  while  a 
second  part  varies  as  the  square  root  of  the  height  of  the  fall  or  the 
velocity,  and  a  third  portion  is  constant  whatever  the  weight  of  the  ham- 
mer or  the  height  of  the  fall.  It  is  difficult  to  see  what  the  conditions  are 
which  make  this  division  of  the  pressure  possible.  Notice  also  that  the  for- 
mula gives  a  negative  or  imaginary  result  when  {W  +  0.228  \/F)<  1; 

*  Mechanics  of  Engineeriog,  p.  699. 

t  Republished  in  1881,  by  the  U.  S.  Corps  of  Engineers,  as  No.  5  of  Papers  on  Prac 
tical  Engineering. 
X  Pocket-Book,  p.  158. 
§  New  Mechanics,  p.  134, 
1!  Jour.  Frank.  Inst.,  3d  Series,  Vol.  55,  p.  101-2. 
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the  author  of  the  formula  provides  for  this  limit  by  the  statement  that 
"  the  formula  is  not  applicable  to  rams  weighing  less  than  one  ton." 
Consequently  it  is  inapplicable  to  many  cases  likely  to  occur  in  practice. 
This  limitation  is  remarkable  when  it  is  remembered  that  it  was  deduced 
from  experiments  made  with  rams  weighing  from  1,000  to  4,500  pounds. 
Finally  notice  that  since  the  penetration  per  blow  is  not  used,  it  is  inap- 
plicable to  any  soil  differing  from  that  for  which  it  was  deduced — quick- 
sand. This  formula  is  not  general,  and  must  be  used  with  great  caution.  It 
comes  under  the  general  case  illustrated  in  Fig.  3.  In  conclusion,  it  is 
only  fair  to  say  that  the  author  of  this  formula  in  the  original  memoir 
distinctly  stated  its  limitations,  and  therefore  is  not  responsible  for  its 
frequent  misuse. 

m       ^    .     ,    ^  7     .   *  T^      0  023  34/71  ft.  PT  tons      ,^,.^,       ,,   ,. 

Trautvnne's  formula  is  *  P  =  ,~ — ^ z Without  taking 

a  inches  +  1 

time  to  make  a  minute  comparison,  which  the  reader  can  readily  do  for 
himself,  between  this  and  the  rational  formulas,  equations  (3),  (4),  and  (5),it 
may  be  stated  that  if  the  method  of  deducing  the  latter  can  be  relied  upon 
at  all,  Trautwine's  formula  is  not  of  the  correct  form.  This  difference  of 
form  is  important,  as  a  little  reflection  will  show  ;  for  example,  if  a  light 
ram  with  long  fall  be  used  on  a  long  heavy  pile  the  penetration  {d)  may 
be  nearlv  or  quite  zero,  and  consequently  the  bearing  power  will  appear 
to  be  nearlv  infinite,  while  in  fact  it  would  probably  be  but  a  few  times 
greater  than  the  weight  of  the  ram.  It  is  not  stated  how  it  was  deduced  ; 
but  in  the  two  cases  cited,  it  agrees  remarkably  closely  with  the  results 
of  experiments  made  on  piles  driven  into  soft  mud  at  the  bot- 
tom of  a  river.  The  agreement  with  the  only  experiments  cited  as 
proof  of  its  reliability  is  so  close  as  to  raise  the  suspicion  that  the  con- 
stants were  deduced  from  these  two  alone  ;  if  this  is  true  this  formula 
will  come  under  the  general  case  illustrated  in  Fig.  2.  At  any  rate,  it  is 
applicable  only  to  piles  driven  into  soil  similar  to  "  soft  mud  at  the  bot- 
tom of  the  river." 

§  9.  The  tabular  view  on  the  following  page  will  show  the  divergency 
of  the  most  common  formulas.  Bear  in  mind  that  of  the  first  eight,  all 
of  which  are  generally  classed  as  being  derived  from  experiment,  only 
the  last  two — McAlpine's  and  Trautwine's — were  derived  from  experi- 
ments on  actual  piles. 

The  first  example  is  the  somewhat  celebrated  Proctorsville  pile,  which 
was  tested,  and  bore  59,618  lbs.  without  moving,  but  moved  very  slowly 
under  62,500  lbs.  This  is  the  second  experiment  used  above  in  finding 
the  value  of  q,  and  also  one  of  the  two  experiments  referred  to  in  con- 
nection with  Trautwine's  formula.  The  hammer  weighed  910  pounds, 
and  fell  5  feet;  the  penetration  was  |  of  an  inch.  Notice  that  Mason's 
formula  agrees  fairly  well  with  the  actual  load ;  probably  this  is  an 
example  under  the  general  case  illustrated  in  Fig.  2  or  in  Fig.  3.  In 
applying  the  last  three  formulas  it  was  assumed  that  the  last  blow  was 
struck  on  sound  material,  which  clearly  was  not  the  case.f  If  the  last 
blow  had  been  struck  on  sound  wood  the  penetration  would  have  been 

*  Pocket- Book,  Ed.  1885,  p.  643. 

t  Circular  of  the  office  of  the  Ch.  of  Engrs.  U.  S.  A. ,  Nov.  12,  1881,  Pile  Foundations 
and  Pile-Driving  Formulae,  page  3,  table  of  penetrations. 
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Name    of  for- 

Formulas. 

Bearing. 

Power. 

1st  ex. 

2d  ex. 

Haswell's 

P  -  4.426  WV 

72,000 
147,000 

146,000 

52,500 

19,000 

9,000 
minus. 

58,300 
128,000 

111,000 
129,000 

352,800 

Beaufoy's 

Sanders' 

Mason's 

Nystrom's  1st. 

Nysti-om's  2d  . 
McAlpine's 

Irautwine's..  . 
Eankine's 

P  =  0.500  3  WV2 

Wh        N.  B.— The  factor  8  of  the  denominator 
"  ~    d                       is  here  omitted 

P  =— — -— — -;   PF  =  weight  of  the  pile 

1,600,000 
1,600,000 

886,000 

4Qn  000 

^-d{W+w)2^   *^      weigntotpiie 

^  =  «-? 

P=80(W^+.228   Vh-1) 

0.C23  ^  V"h  W 

1,200,000 
185,000 

219,000 
851,000 

^-         d+1         

„      ,/4:WhSE,     4  d2s3e2        2dse 

^-y       I      ■■'■      i2            I     

Weisbach's  — 

S  E    ^         s  € 

598,900 

L   ^      ^         I    

Baker's 

P  —   4/12000  Wh  +  36000000  d2  _  6000  d 

686,000 

much  greater,  and  the  bearing  power  correspondingly  less;  assuming 
the  penetration  for  a  blow  upon  sound  wood  as  twice  the  recorded  value, 
will  give  almost  exactly  the  bearing  power  found  by  experiment. 

The  second  example  is  an  imaginary  pile,  although  the  conditions  are 
those  of  ordinary  practice.  It  is  given  to  illustrate  the  divergence  of  the 
different  formulas  under  different  conditions.  The  hammer  weighed  1 
ton,  and  fell  25  feet;  the  remainder  of  the  data  is  as  before. 

§  10.  It  is  claimed  for  the  formula  deduced  above  that  it  is  more 
simple  in  form  than  any  other  rational  formula,  that  it  is  as  easily 
applied  as  either  of  the  formulas  deduced  from  experiments,  and  that  it 
is  far  more  general  than  many  of  the  empirical  formulas.  The  value  of 
q  was  deduced  from  purely  theoretical  data,  and  some  evidence  cited  to 
siiow  that  it  agreed  fairly  with  experiment.  No  data  are  available  to  satis- 
factorily determine  the  quantity,  but  no  data  have  been  found  showing  that 
the  value  deduced  from  a  theoretical  basis  is  seriously  in  error.  The  ques- 
tion for  the  engineer  to  decide  is  whether  he  is  better  off  with  a  general 
formula  of  correct  form  and  approximate  constants,  or  with  a  formula 
incorrect  in  principle,  having  unknown  limits  and  approximate  con- 
stants ?  If  any  one  knows  of  any  data  or  will  make  any  experiments 
suitable  for  the  purpose,  the  writer  will  gladly  discuss  them  and  deduce 
a  value  for  the  term  q  in  the  preceding  formula. 


• 


/ 


/     / 


ELLIS  SYLVESTER  CHESBROUGH, 


HONORARY  MEMBER  BOSTON  SOCIETY  OF  CIYIL  ENGINEERS.      DIED  AUGUST 

18,  1886. 


A  Memorial  hy  a  Committee  of  the  Society. 


Although  many  extended  memorial  notices  of  Mr.  Chesbrough  have 
appeared  el&e where,  it  seems  proper  that  this  society,  which  has  lost  in 
him  one  of  its  earliest  and  most  distinguished  members,  should  put  on 
record  a  brief  statement  of  its  appreciation  of  his  worth.  His  public  hfe 
and  varied  professional  services  have  already  been  so  fully  enumerated 
that  this  tribute  will  be  limited  to  a  consideration  of  his  personal  traits 
and  characteristics. 

The  most  noticeable  trait  of  Mr.  Chesbrough's  character  was  his  intense, 
almost  morbid,  conscientiousness.  Most  men  mean  to  do  about  right, 
but  Mr.  Chesbrough  seemed  to  consider  his  every  action  to  see  that  it  should 
be  exactly  and  perfectly  right.  This  trait  he  inherited  from  his  father, 
who  was  noted  for  his  probity.  His  father  was  among  the  earliest  of 
railroad  contractors  in  this  country.  It  is  related  of  him  that  once  when 
he  built  a  piece  of  railroad  in  Massachusetts,  the  officers  of  the  road  had 
such  confidence  in  him  that  they  did  not  consider  it  worthwhile  to  make 
any  contract,  but  simply  paid  such  bills  as  he  presented. 

The  absolute  uprightness  of  Mr.  Chesbrough's  character  influenced  for 
good  all  about  him.  It  was  fortunate  for  Chicago  that  amid  the  demor- 
alization of  city  politics  there  should  be  one  officer  whose  probity  was 
unquestioned  and  unquestionable  ;  one  man  whom  nobody  dared  to  ap- 
proach with  any  improper  motive,  or,  as  one  Chicago  contractor  ex- 
pressed it,  whom  "nobody  would  dare  to  touch  with  a  twenty  foot 
pole." 

Goodness,  by  itself,  does  not  make  an  engineer,  and  Mr.  Chesbrough 
became  the  most  distinguished  engineer  in  the  country.  This  was 
because  he  inherited  and  developed  that  combination  of  faculties 
which  constitutes  a  great  engineer.  He  had  the  j)ower  of  imagination 
which  enabled  him  before  he  began  any  work  to  see  it  as  it  would  be 
when  completed,  and  to  see  also  the  effects  it  would  produce,  and  how  it 
would  be  influenced  by  external  conditions.  He  had  the  rare  power  of 
originating.  It  now  seems  the  most  natural  thing  for  cities  bordering  on 
the  great  lakes  to  get  their  water  supplies  by  tunneling  out  from  the 
shore,  yet  this  method  might  not  have  been  adopted  for  a  century  had 
not  Mr.  Chesbrough  first  thought  of  it.  He  had  that  instinctive  knowl- 
edge of  men  and  materials  which  enabled  him  to  select  and  use  them 
both  to  the  best  advantage. 

It  is  to  be  noted  that  Mr.  Chesbrough  did  not  receive  in  his  youth  that 
education  in  technical  schools  which  now  is  considered  so  important  a 
preliminary  to  an  engineering  career.  He  did  not  even  serve  an  ap- 
prenticeship under  some  older  engineer,  as  was  the  fashion  in  his  day. 
He  used  to  express  regret  that  he  had  not  had  better  opportunities  for 
study  of  mathematics  and  kindred  technical  subjects.  But  he  always 
was  studious,  and  it  is  difficult  to  see  wherein  he  lacked  anything  which 
he  might  have  gained  from  the  text  books. 
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All  his  life  Mr.  Chesbrough  was  a  very  hard  worker.  Doubtless  he 
worked  too  constantly,  and  would  have  been  the  better  for  more  relaxa- 
tion. He  gave  his  best  years  and  his  ripest  experience  to  the  city  of  his 
choice.  As  City  Engineer  of  Chicago  he  was  generally  overworked, 
often  amid  uncongenial  and  harassing  surroundings.  The  worth  of  his 
service  was  unappreciated  except  by  a  few  stanch  friends.  But  his  public 
spirit,  his  love  of  his  profession  and  his  desire  to  carry  out  properly  the 
works  which  he  had  designed  to  benefit  his  fellow  citizens  kept  him  at 
his  post  for  many  years  when  he  might  have  gained  more  fame  and  more 
money  in  other  ways. 

Mr.  Chesbrough  was  gentle  and  considerate  to  all  men,  and  especially 
so  to  his  subordinates,  to  whom  his  tone  was  one  of  almost  womanly 
tenderness.  Many  members  of  this  society  who  have  worked  under  him 
will  always  remember  with  affection  his  unfailing  courtesy  and  kindness. 

After  a  lifetime  of  hard  and  successful  work,  Mr.  Chesbrough  died  a 
comparatively  poor  man.  He  constructed  works  which  made  fortunes 
for  others,  he  cared  for  the  expenditure  of  millions,  he  saved  much  for 
his  fellow  citizens,  but  he  made  little  money  himself.  He  left  behind 
him,  however,  what  is  better  than  money  and  what  money  cannot  buy  : 
noble  achievements,  an  unblemished  reputation,  tender  memories,  and 
an  example  which  is  an  inspiration  to  us  all. 


VIEWS  ON  GRADES  AND  GRADE  SYSTEMS  FOR  CITIES. 


By  Barnabas  Schreiner,  Member  of  the  Western  Society  of  Engineers. 

[Read  January  4,   1887.] 


That  branch  of  municipal  engineering  which  should  receive  the  most 
careful  consideration  of  the  city  engineer  is  undoubtedly  the  establish- 
ment of  street  grades.  It  requires  a  thorough  study  of  the  topography 
of  the  place  and  the  necessities  and  requirements  of  surface  drainage, 
sewerage  and  of  the  public  travel  and  traffic,  and  a  full  inquiry  as  to  the 
proper  relations  of  the  street  grades  to  the  abutting  property.  It  is  in 
this  last  regard  that  public  and  private  interests  are  seemingly  coming 
more  frequently  into  strong  opposition  than  with  any  other  branch  of 
municipal  engineering.  Surely,  the  peculiar  local  interests  will  vary 
and  demand  diversified  considerations,  but  very  often  strong  influence 
will  be  brought  to  bear  to  mislead  the  engineer  to  make  grades  suitable 
to  personal  notions,  or  to  induce  the  City  Council  to  undo  the  work  of  the 
engineer  in  the  interest  of  blind  selfishness  ;  for  such  reasons  grades  will 
very  often  be  adopted  on  the  compromise  plan,  disregarding  scientific 
principles  and  practical  experience,  creating  incongruities  irreparable. 
The  grade  plan,  when  deliberately  planned,  should  inflexiby  be  carried 
out,  as  every  disregard  of  the  teachings  of  science  and  past  experience 
will  sooner  or  later  result  in  financial  loss  and  endless  litigations. 

To  illustrate  the  correctness  ot  these  statements  allow  me  to  refer  to 
one  of  the  several  cases  that  have  come  to  my  notice.  The  grade  system 
of  the  city  of  Des  Moines,  lo^  a,  originally  fixed  the  elevation  of  the  inter- 
section points  of  the  centre  lines  of  "  crossing"  and  "meeting"  streets,  and 
of  such  other  points  in  these  centre  lines  as  were  considered  necessary  ; 


/ 

VIEWS  ON"  GRADES  AND  GRADE  SYSTEMS  FOR  CITIES.        131 

and  it  was  conditioned  that  the  grades  of  the  building  lines  opposite  these 
centre  lines  be  of  the  same  gradient  and  elevation.  The  sidewalks  must, 
of  course,  have  the  necessary  fall  toward  the  curb  line  and  the  gutter 
must  be  of  such  depth  below  top  of  curb  as  was  found  to  give  sufficient 
space  for  the  storm  water,  and  the  street  surface  formed  the  part  of  a 
circle  (segment),  the  apex  of  which  came  to  be  about  9  inches  below  the 
building  line.  The  application  of  these  theories  could  not  fail  to  create 
discrepancies  of  a  serious  character,  as  can  easily  be  shown. 

Suppose  two  streets  AB  and  BC  are  crossing  each  other  and  their  centre 
lines  intersect  at  B.  Let  the  grade  be  given  by  the  elevations  of  the 
points  A,  B  and  C  above  datum,  and  take  for  convenience  AB  =  BC  =  d  ; 
the  width  of  each  of  the  streets  =  w,  and  let  B  be  greater  than  A  and  C 
be  greater  than  B,  so  that  the  differences  of  elevations  of  points^  and  B 
=  B  —  A,  and  of  B  and  C  =  C  —  B.     The  ratio  of  fall  or  rise  for  the  length 

of  half  the  width  of  the  street  (  =  p  1  will  be  found  for  street  AB 

^_w(B-A) 
^-         2d       ' 
and  for  street  CB 

tv{C—B) 

y = —M—' 

so  that  the  elevation  of  the  inclosed  corner  would  be  either 
E  —  B  —  X  =  B ^^r^ -.  or 


E  =  B  +  y  =  B-\- 


2d 
w{C  —  B) 


2d 

Which  of  these  two  values  should  now  be  taken  as  the  elevation  of 
this  corner?    In  fact,   both  elevations  have  been   applied  alternatelv 
and  the  consequences  I  need  not  mention. 

To  remedy  this  defect,  a  new  ordinance  stipulated  that  certain  streets 
shall  be  leading  streets,  or,  in  other  words,  the  stipulations  of  the  original 
ordinance,  that  the  elevation  of  the  building  line  [or  street  line]  should 
be  the  same  as  the  (imaginary)  centre  line  grade,  shall  only  be  applied  to 
certain  parallel  streets,  and  the  grades  of  all  streets  crossing  these  had 
to  conform  thereto.  This  change  was,  in  fact,  worse  than  the  former 
evil,  as  an  example  will  readily  show  : 

Sixth  and  Chestnut  streets  are  crossing  each  other  ;  Sixth  street  is  "  a 
leading  "  street.  The  elevation  of  the  intersection  of  the  centre  lines  is 
fixed  at  57.00;  a  point  in  centre  line  of  Sixth  street,  178  feet  south  of  the 
first  point,  is  fix:ed  at  47.00,  and  another  point  in  the  centre  line  of  Sixth 
street,  200  feet  north  of  the  intersection  point,  is  fixed  at  76.00  feet  above 
datum  plane. 

These  data  will  give  the  elevation  of  the  S.  E.  corner,  and  the  S.  W. 
corner  at  55.147,  and  the  N.  E.  and  N.  W.  corners  at  60.135  above  datum 
plane  [the  street  being  66  feet  wide]. 

This  places  the  north  sidewalk  practically  5  feet  above  the  south  one. 

To  accommodate  one  or  more  property  owners'  desires  we  find  on 
Second  street  a  depression  about  the  middle  of  the  block  of  12  feet  below 
the  next  higher  point,  and  a  sewer  on  that  street  required  a  cut  of  20 
feet  for  a  considerable  length,  as  the  locality  beyond  the  depression  has 
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no  other  outlet  for  sewerage.  On  an  adjacent  street  we  find  in  a  block 
a  rise  of  15  feet  in  120  feet  only  to  run  down  hill  in  the  other  half  of  the 
block,  and  this  for  no  other  reason  than  to  save  the  owner  the  removal 
of  perhaps  100  yards  of  ground,  and  on  Seventh  and  Chestnut  streets  we 
find  the  gradients  of  four  streets  running  down  to  the  same  point, 
causing  an  accumulation  of  storm  water,  liable  to  cause  considerable 
damages  at  any  time — as  the  past  has  sufficiently  proven.  The  only 
justification  for  such  a  bad  arrangement  is  the  plea  of  one  wealthy  man, 
not  to  make  him  fill  the  lot. 

These  are  only  a  few  of  the  numerous  instances,  many  of  which  are 
even  of  a  more  serious  character.  Many  other  cities  are  suffering  from 
similar  work  which  inexperience,  want  of  judgment,  lack  of  indepen- 
dence and  selfishness  have  accomplished,  as  an  impedient  to  the  growth 
of  our  larger  cities. 

In  establishing  street  grades,  the  engineer  or  surveyor  should  not  share 
the  popular  illusion  that  grades  are  only  to  serve  as  a  "  rule"  by  which  to 
set  the  water  table,  and  that  the  lot  owner  is  the  only  person  interested  in 
this  matter. 

The  points  to  be  attained  by  street  grades  are  : 

I.  The  securing  of  proper  surface  drainage  of  the  streets. 

II.  To  secure  proper  facilities  for  the  construction  of  an  efficient  sewer 
system  at  moderate  cost. 

III.  Proper  gradients  for  the  accommodation  of  public  communication 
and  traffic. 

I.  Surface  Drainage. 

The  grades  of  the  streets  should  be  so  arranged  as  to  : 

1.  Facilitate  the  flowing  off  of  the  storm  water  at  a  moderate  velocity. 
Such  gradients  as  would  cause  the  storm  water  to  flow  with  great 
velocity  should  be  avoided,  as  strong  currents  would  damage  the  street 
surface,  and  are  liable  to  cause  overflows  and  other  damage  to  streets 
and  property. 

2.  Grades  should  be  further  so  arranged  for  the  different  streets  as  to 
avoid  the  accumulation  of  large  masses  of  storm  water  at  any  one  point 
which  would  be  likely  to  cause  overflows  and  damage  to  property,  cre- 
ating liabilities  to  the  corporation. 

3.  Wherever  possible,  conduct  the  surface  water  along  the  shortest 
route  to  its  outlet  or  point  of  discharge. 

4.  Avoid  the  frequently  made  mistake  to  direct  the  surface  water 
toward  depressions  or  dips  in  the  ground,  often  called  "Runs,"  and 
wrongly  taken  for  natural  water-courses,  as  all  such  depressions  will,  in 
the  course  of  time,  be  filled  up  and  occupied  by  residences  and  other 
buildings,  and  the  course  of  the  surface  drainage  must  ultimately  be 
changed,  usually  to  the  detriment  of  the  corporation  treasury. 

II.     Considerations  in  Regard  to  Sewerage. 

When  establishing  the  street  grades  much  can  be  done  toward  facilita- 
ting and  devising  an  efficient  sewer  system  at  a  minimum  cost. 

Thousands  of  dollars  have  often  to  be  expended  in  the  building  of  large 
additional  sewers  in  deep  cuts,  resulting  from  the  injudicious  adjustment 
of  grades,  which  could  and  should  have  been   avoided  by  proper  con-^ 
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sideration  of  the  circumstances  and  the  formation  of  the  surface  of  the 
ground  on  which  the  city  is  located. 

III.  Proper  Gradients  for  the  Accommodaiion  of  Public  Communication 

and  Traffic. 

That  steep  gradients  should  be  avoided  to  secure  the  streets  against 
washouts  and  damages  generally,  I  have  already  stated.  Other  reasons 
why  steep  gradients  should  be  [avoided  are :  safety  to  the  traffic  and 
travel,  and  proper  accommodation  a's  ways  of  communication. 

The  sidewalks  should  have  no  greater  inclinations  toward  the  gutter 
than  is  indispensable  for  sheding  the  rain  water  into  the  gutter,  as  the 
increase  of  the  fall  will  decrease  the  safety  to  the  people.  The  access  to 
the  sidewalks  from  the  street,  and  vice  versa,  should  be  easy  as  well  as  per- 
fectly safe,  and  the  road-bed  should  be  level  in  the  line  of  cross-section. 

No  clamor  of  the  selfish  property  owners  should  be  listened  to,  if  the 
engineer  would  mind  the  interest  of  the  public.  Well- selected  gradients 
have  always  proved  themselves  as  enhancing  the  value  and  salability  of 
the  abutting  property.  Cuts  and  fills  deserve  only  a  secondary  con- 
sideration. The  past  has  proved  by  innumerable  instances  that  emi- 
dences  have  disappeared  and  low  grounds  have  been  raised  and  trans- 
formed into  valuable  property  with  less  expense  than  the  cost  of 
litigation  caused  by  illy  conceived  grades,  which  public  interest  demanded 
changed  thereafter. 

It  is  hardly  necessary  to  call  the  attention  of  the  engineer  and  sur- 
veyor to  the  fact  that  a  correct  topographical  map  of  the  place  is  the 
first  requirement,  and  that  the  study  and  final  determination  of  the 
grade  system  in  question  should  embrace  and  be  based  upon  the  whole 
terrain. 

The  selection  and  location  of  the  datum  plane  is  of  no  important  con- 
sequence, but  when  once  located  it  must  be  secured  by  durable  and  re- 
liable benches.  The  elevation  of  the  different  points  should  be,  when- 
ever possible,  so  selected  as  to  give  the  gradient  in  per  cents  of  the  hori- 
zontal distance.  It  is  also  of  little  consequence  whether  the  elevations 
are  given  for  the  street  centre  or  the  "  property  lines,"  but  when  once  a 
mode  is  chosen,  it  should  consequently  be  carried  through  systematically^ 
But  under  all  cu'cumstances  should  the  "  intersections'^  be  laid  level,  as 
this  is  the  only  proper  arrangement  to  guarantee  the  proper  construction 
of  street  surface  and  its  appurtenances. 

Des  Moines,  la.,  Dec.  26,  1886. 


THE  FUTURE  DEAINAGE  OF  ST.  LOUIS. 


By  Robert  E.  McMath,  Member  of  the  Engineers'  Club,  of  St.  Louis. 

[Read  March  3,  1886.] 


The  drainage  of  St.  Louis,  while  peculiar  in  some  respects,  has  not 
hitherto  presented  the  difficulties  which  have  been  encountered  in  other 
cities  less  favored  in  topography  ;  hence,  the  questions  of  system,  com- 
bined or  separate,  of  disposal,  by  irrigation,  precipitation  or  other  means, 
have  not  heretofore  been  matters  of  local  interest. 
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As  Mr.  Robert  Moore  told  us  in  his  paper.  Journal  of  Association 
Engineer  Societies,  February,  1885,  sewering  had  its  beginning  in  St. 
Louis  at  a  comparatively  early  date  under  the  stress  of  necessity.  That 
necessity  was  readily  met  by  a  series  of  sewers,  draining  what  is  now  the 
central  and  older  part  of  the  city,  extending  from  the  river  back  to  about 
Sixth  street,  flanked  and  embraced  on  the  north  and  northwest  by  the 
more  extended  basin  drained  by  Biddle  street  sewer,  a  basin  which  had 
no  visible  natural  outlet,  and  on  the  south  and  southwest  by  the  Mill 
Creek  Valley.  As  the  city  grew,  other  sewers  to  the  north  and  south  were 
added,  all  emptying  into  the  Mississippi,  with  drainage  areas  of  greater 
or  less  extent,  until  the  city,  as  its  limits  were  defined  previous  to  1870,  had 
a  sewer  system  laid  out  and  partly  executed  fairly  capable  of  draining 
nearly  all  its  territory.  By  legislation  in  1870  the  former  City  of  Caron- 
delet  was  consolidated  with  St.  Louis,  and  later  by  the  adoption  of  the 
scheme  and  charter  of  1876  the  territorial  area  was  increased  from  13.94 
to  61.37  square  miles.  It  often  appears  that  conveniences  which  men  use 
have  grown  out  of  pre-existing  conditions,  rather  than  been  produced  by 
design,  and  it  sometimes  appears  that  the  result  of  such  growth  is  as  well 
suited  to  the  necessities  of  the  case  as  the  most  elaborate  design  could  be. 
But,  in  St.  Louis  as  in  other  cities,  the  results  of  growth  in  sewering  are 
not  such  as  can  be  perpetuated,  much  less  accepted  as  precedents  for  fu- 
ture imitation.  Experience  of  the  intervening  years  has  taught  many 
lessons  concerning  sewering.  The  changed  habits  of  men  in  their  homes 
and  business  present  new  conditions  which  must  be  taken  into  account, 
as  also  a  rational  foresight  of  things  yet  to  be,  when  considering  the  fu- 
ture drainage  of  this  or  any  other  city. 

A  primary  question  is  :  How  shall  sewage  be  disposed  of  ?  Precisely 
what  weight  should  be  given  this  question  it  is  now  difiicult  to  say.  If 
the  germ  theories  of  disease  now  so  prominent  should  prove  true,  the 
waste  products  of  the  human  system  must  be  destroyed  beyond  the  possi- 
bility of  the  survival  of  a  germ.  If  this  is  to  be  done  a  separate  system 
more  rigid  than  has  heretofore  been  urged  must  be  adopted.  But  if,  as 
is  probable,  the  suspicion  now  attached  to  sewage  is  exaggerated,  then 
we  may  still  trust  to  attenuation  of  danger  by  dilution  of  excrementary 
matter  with  other  waste  and  abundance  of  water.  That  is  the  citizen  of 
the  future  will  use  water  more  freely  than  he  of  to-day  in  about  the  pro- 
portion which  the  progress  of  sanitary  science  and  civilization  of  his  time 
may  bear  to  that  of  to-day.  Water  carriage  of  offensive  matters  may, 
therefore,  be  accepted  as  a  finality  for  St.  Louis. 

Estimating  the  daily  quantity  of  sewage  from  the  city  as  equivalent 
to  the  water  supply,  500  cubic  feet  per  second  may  be  taken  as  the  out- 
side future  figure  from  St.  Louis.  This  discharged  into  a  river  whose 
minimum  flow  is  certainly  over  85,000  cubic  feet  per  second  will  not 
seriously  pollute  that  river.  The  rapid  current  will  insure  commixture, 
aeration  and  consequent  speedy  breaking  up  of  organic  compounds. 
Chemically  the  water  along  the  Missouri  shore  ceases  to  show  sewage 
pollution  eight  miles  below  the  last  sewer.  That  is.  Prof.  W.  B.  Potter 
found  no  raore^chlorine  and  ammonia  in  water  taken  at  Quarantine 
Station  than  in  water  taken  above  the  city.  Since  there  is  no  present 
reason  to  suppose  that  any  town  requiring  a  water  supply  from  the  river 
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will  grow  up  within  fiftj  miles  below  St.  Louis,  there  is  no  reason  to  an- 
ticipate any  serious  objection  in  the  future  to  the  discharge  of  sewage 
into  the  Mississippi,  unless  it  come  from  the  pollution  in  front  of  the 
city  itself,  where  the  sewage  will  skirt  the  west  shore  and  floating  bodies 
be  liable  to  lodge  along  the  bank  or  collect  in  eddies  caused  by  boats,  etc. 
Hence  St.  Louis  would  be  the  first  and  greatest  sufferer  and  in  self-de- 
fense would  have  to  carry  sewage  out  to  the  main  current.  At  high 
stages,  this  is  now  done  along  the  improved  front.  The  primary  question 
may  therefore  be  answered.  Sewage  may  be  discharged  into  the  Missis- 
sippi in  the  future  as  now  without  purification. 

The  delivery  into  the  river  will  present  some  difficulty  along  those 
pans  of  the  front  where  the  street  grades  are  but  little  above  high-water 
level.  That  is,  for  all  outlets  north  of  Branch  street  and,  to  a  lesser 
degree,  those  between  Convent  street  and  Arsenal  street.  Sewers 
throughout  these  parts  of  the  front,  if  laid  at  the  usual  depths  below 
street  grade,  must,  for  a  considerable  part  of  the  year,  be  subject  to 
back  w^ater  from  the  river.  This  is  now  the  case  with  Salisbury  street, 
Bremen  avenue  and  Ferry  street  sewers  to  an  extent  that  not  only  de- 
prives the  property  as  far  back  as  Broadway  of  cellar  drainage  for  weeks 
at  a  time,  but  also  fills  the  sewers  with  an  accumulation  of  deposit  that 
is  not  wholly  cleared  out  at  any  time.  The  water  sealed  state  commonly 
lasts  from  March  to  August.  Still  worse,  the  river  is  inclined  to  deposit 
a  bar  in  front  of  the  city  from  Ferry  street  to  North  Market  street,  and 
as  a  consequence  the  sewer  outlets  named  are  surrounded  by  deposit 
often  ten  feet  above  their  bottom  grade.  At  such  time  their  actual 
connection  with  the  river  is  by  a  crater  formed  and  maintained  by  the 
water  issuing  from  the  sewer,  boiling  up,  not  running  out.  Obviously 
the  sewers  have  a  hard  time  to  maintain  these  openings,  and,  since  no 
help  can  be  given  them,  there  is  serious  danger  they  may  fail.  If  by 
accident  to  the  wajter  works  or  distribution  the  supply  of  water  to  the 
north  part  of  the  city  was  cut  off  for  one  day  during  high  water  the 
three  sewers  named  would  probably  be  sealed  up.  Fortunately  the 
sewers  receive  frequent  vigorous  flushes  from  local  heavy  showers  dur- 
ing the  high  water  season. 

Salisbury  and  Ferry  street  sewers  originally  emptied  into  Gingrass 
Creek,  a  little  west  of  where  Hall  street  is  now  located  ;  their  extension 
to  the  river  carried  the  new  outlets  to  a  low  level  near  low- water  mark, 
though  made  with  flat  grades.  These  sewers  afford  instances  where 
growth  has  resulted  badly.  Bremen  avenue  was  built  with  river  outlet 
at  low  grade,  and  is,  therefore,  bad  design  from  following  a  growth 
precedent. 

It  is  now  evident  that  these  flat  areas  along  the  riverfront  should  have 
been  traversed  by  shallow  sewers  to  carry  surface  water  and  sewage 
from  the  high  grounds,  delivering  into  the  river  at  as  high  a  level  as 
practicable,  and  by  a  system  of  separate  sewers  to  carry  the  local  sewage 
and  cellar  drainage,  if  the  use  of  the  property  should  render  such  second 
system  necessary.  These  flat  areas,  presumably,  will  in  the  future  be 
occupied  by  railroad  yards,  storage  grounds  and  manufacturing  estab- 
lishments ;  it  is,  therefore,  probable  that  shallow  drainage  will  suffice. 
If  deep  drainage  is  attempted,  the  sewage  must  be  conducted  to  one  or 
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more  convenient  stations,  and  pumped  during  times  of  high  water  in  the 
river. 

A  second  system  of  sewers  will  also  be  needed  in  the  business  section 
of  the  city  to  satisfy  the  demands  of  modern  modes  of  business  for  base- 
ments and  sub-cellars.  The  early  sewers  were  laid  with  insufficient 
depth.  A  deep  sewer  was  built  on  Ninth  street  as  an  incident  to  the 
erection  of  the  new  Custom  House,  several  private  deep  drains  have  been 
laid  eastward  from  Fourth  and  Fifth  streets  to  furnish  these  facilities  in 
special  cases,  but  a  general  provision  should  be  speedily  made.  A  recon- 
struction of  Thirteenth  street  sewer  as  a  deep  sewer  should  be  made  at  an 
early  date. 

Thus  much  concerning  the  future  drainage  of  the  St.  Louis  of  yester- 
day. 

The  city  yet  to  be  will  probably  lie  within  the  present  corporate  limits, 
with  perhaps  outlying  suburbs  along  the  lines  of  the  converging  rail- 
ways. So  far  as  such  suburbs  lie  within  the  water-shed  of  the  River  Des 
Peres,  their  drainage  will  depend  upon  that  of  the  city.  Their  needs 
must  therefore  be  anticipated,  and  provided  for  in  the  plans  adopted. 

The  boundaries  of  the  city,  as  defined  by  the  scheme  and  charter,  were 
wisely  located  to  include  the  bed  of  the  River  des  Peres  and  the  bank  of 
the  Mississippi  as  far  north  as  the  Chain  of  Rocks. 

Reference  to  a  map  of  the  surrounding  territory  shows  that  there  is  a 
divide  near  where  the  Wabash  Railroad  crosses  the  Natural  Bridge  road, 
between  water  flowing  northwardly  to  Maline  Creek  and  southwardly  to 
River  des  Peres.  Maline  Creek,  after  junction  with  a  branch  which  skirts 
the  north  side  of  Calvary  Cemetery,  and  with  another  which  passes 
between  O'Fallon  Park  and  Belief ontaine  Cemetery,  in  former  days, 
continued  a  southerly  course  and  emptied  into  the  Mississippi  near  Salis- 
bury street,  under  the  name  of  Gingras  Creek,  with  the  drainage  of 
about  40  square  miles.  It  now  empties  into  the  Mississippi  about  two 
miles  above  the  water-works.  The  branch  running  between  O'Fallon 
Park  and  Belief  ontaine  Cemetery  now  has  a  virtually  independent  con- 
nection with  the  river.  In  the  lower  part  of  its  course  it  is  known  as 
Harlem  Creek,  but  above  the  Natural  Bridge  road  it  retains  the  ancient 
name  of  Marais  Castor.     Harlem  Creek  drains  about  6  square  miles. 

The  north  fork  of  the  River  des  Peres  enters  the  city  limits  to  the 
northwest  of  Forest  Park  with  the  drainage  of  about  20  square  miles, 
and  in  a  further  course  of  8  miles  receives  about  14  square  miles  more. 
The  south  fork  comes  from  the  westward  and  drains  about  35  square 
miles.  The  united  stream  receives  additional  drainage  from  the  south 
and  west  from  34  square  miles,  and  from  10  square  miles  within  the  city 
limits,  finally  reaching  the  Mississippi  with  the  water  coming  from  113 
square  miles.  Ordinarily,  the  River  des  Peres  is  but  an  insignificant 
stream,  in  time  of  drouth  scarce  could  be  called  a  stream,  but  at  times  of 
heavy  rains  it  fills  its  channel  and  overflows  its  banks.  Obviously,  such 
a  stream  cannot  be  covered  in  as  a  sewer,  nor  can  it  be  allowed  to  re- 
ceive sewage  and  remain  an  open  channel  with  stagnant  pools  in  sum- 
mer. It  traverses  Forest  Park  as  a  prominent  feature  in  the  landscape, 
and  it  skirts  the  southern  part  of  South  St.  Louis.  At  neither  of  these 
parts  could  a  polluted  stream  be  tolerated,  if  it  might  in  other  parts  of 
the  course. 
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The  divide  between  the  affluents  of  Harlem  Creek  and  those  of  the 
River  Des  Peres  runs  a  little  north  of  Easton  avenue  from  Taylor  avenue 
west  to  city  limits.  The  Des  Peres  and-  Harlem  drainages,  therefore, 
bound  the  city  on  the  north,  west,  and  south,  with  the  Mississippi  on  the 
east.  Of  the  area  so  embraced,  the  southwest  part,  bounded  north  by 
Arsenal  street,  and  east  by  a  line  drawn  south  from  the  Insane  Asylum 
to  the  Gravois  road,  is  not  likely  to  be  built  upon.  The  remaining  area  I 
assume  to  be  the  site  of  the  city  of  the  future.  The  area  is  approximate- 
ly 44^  square  miles,  of  which  about  12  have  been  sewered.  Sewers  now 
begun  will,  when  completed,  drain  about  23  square  miles,  and  others  to 
be  built,  emptying  direct  into  the  Mississippi,  about  H  square  miles, 
leaving  21  square  miles  of  new  territory  to  be  provided  for,  all  belonging 
to  the  Harlem  and  Des  Peres  basins.  Since  the  completion  of  sewers 
already  begun  will  be  but  carrying  out  the  plans  of  the  past,  new  features 
and  the  possibility  of  the  adoption  of  other  systems  than  the  combined 
are  limited  to  the  following  areas  : 

Harlem  Creek 1,800 

Marais  Castor 2,000 

Hodiamont  avenue 730 1 

De  Baliviere    "       600 

Union                "       .   1,000 

Lay                   "       630 

Des  Peres  direct 2,050 

Grand  Ruisseau .     2,900  | 

Rock  Branch  to  Des  Peres 1,700  J 


>  Harlem    Creek. 


Des  Peres. 


Total 13,400 

A  natural  topographical  feature  has  allowed  no  choice  as  to  system 
hitherto,  namely,  interior  basins  without  visible  outlets.  Every  sink 
hole  is  an  example  on  a  small  scale,  but  large  areas  exist  which  have  no 
outlet,  whose  depression  must  be  perpetuated  in  street  grades.  These 
require  a  subterranean  conduit  capacious  enough  to  carry  off  the  maxi- 
mum rainfall.  Several  of  these  larger  basins  have  been  tapped  by 
sewers.  These  remain  as  notable  examples  :  the  100  acres  belonging  to 
Ferry  street  area  lying  west  of  Grand  avenue,  this  has  a  present  vent 
through  a  9-inch  pipe  laid  through  the  bounding  ridges,  and  by  a  large 
spring  at  Ninth  street  and  Angelica;  the  900  acres  west  of  Prairie  avenue, 
belonging  to  Rocky  Branch  area,  which  now  has  a  precarious  vent  in  a 
sink  between  Claggett  and  Labadie  avenues,  just  west  of  Prairie;  the  630 
acres  between  Taylor  avenue,  King's  Highway,  Eastern  avenue  and 
Duncan  avenue,  now  having  a  9-inch  drain  into  Forest  Park,  and  several 
spring  outlets  in  the  park  and  east  of  Taylor  avenue;  and  about  200  acres 
between  Meramec  and  Maeder  streets,  Compton  avenue  and  the  river 
bluff.  Of  these  inclosed  basins  the  first  three  are  now  being  largely 
built  upon.  These  three  basins  are  unlike  others,  in  that  the  surface  is 
unbroken  by  the  sink  holes  that  in  other  areas  are  scattered  much  as  pits 
on  the  face  of  a  small-pox  patient  ;  in  these  the  surface  slopes  gently 
toward  one  centre. 

Sink  holes  originally  formed  a  prominent  topographical  feature  in  the 
high  parts  of  the  territory  defined  by  Grand  Avenue,  Meramec  street, 
Stringtown  road  and  Dover  street.  Outside  of  this  boundary  the  country 
generally  has  the  features  of  a  prairie,  and  in  early  days  was  known  as 
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Grand  Prairie,  Cul  de  Sac,  Prairie  des  Noyers,  and  Carondelet  Common 
Fields.  The  change  is  not  only  in  contour,  but  in  soil.  The  subsoil  in- 
side is  brick  earth,  loess,  with  a  thin  coat  of  mold;  outside,  the  soil  is  a 
dark,  vegetable  mold,  underlaid  by  impermeable  clay.  This  difference  of 
soil  has  to  do  with  the  urgent  necessity  for  sewering,  as  the  prairie  dis- 
tricts are  built  upon.  It  will  be  remembered  that  the  main  drift  of  the 
city's  growth  is  toward  the  prairies,  attracted  in  some  degree  by  the 
smooth  surface  and  its  conformity  to  grade  without  cost. 

The  sink  hole  districts  are  higher  in  level  and  were  naturally  thor- 
oughly drained.  The  ridges  between  sinks  were  never  thoroughly  wet, 
and  could  be  used  for  building  ground  without  fear  of  damp  cellars  or 
malarial  exhalations.  Our  people  found  Dy  experience  inside  of  Grand 
avenue,  that  they  could,  as  pioneers,  press  into  the  suburbs  without  risk 
to  health,  and,  failing  to  note  the  difference  in  soil,  have  assumed  that 
this  could  be  done  in  the  extended  limits.  The  residences  are  now  going 
into  districts  where  a  dry  foundation  is  a  rarity,  where  the  ground  water 
level  is  often  not  more  than  three  feet  below  the  surface.  It  remains  to 
be  seen  whether  sewers  can  be  built  fast  enough  to  avert  an  outbreak  of 
preventable  disease.  The  wish  on  the  part  of  the  Board  of  Public 
Improvements  to  meet  this  urgent  necessity  has  led  them  to  propose  that 
sewers  shall  be  built  by  the  property  benefited,  and  in  large  districts. 

One  large  district  of  530  acres  has  been  laid  out  and  work  begun. 

The  conditions  having  been  stated,  the  question  remains  :  What  shall 
be  the  general  plans  of  the  future  ?  I  do  not  assume  to  speak  by  author' 
ity,  but  simply  state  what  appears  to  me  the  best  plan. 

The  choice  lies  between  : 

1.  Continuation  of  the  combined  system  as  now  practiced.  This  I  set 
aside  as  impracticable  since  River  des  Peres  cannot  be  made  a  sewer — 
open  or  covered. 

2.  Adoption  of  a  separate  system,  as  that  system  is  advocated  and 
understood.  This  I  consider  unsuitable,  since  the  sub-water  courses  are 
too  long  for  storm  water  to  be  carried  in  street  gutters,  hence  an 
attempted  separate  would  lead  to  a  double  system. 

3.  A  combination.  Small  sewers  at  the  summits  and  upper  slopes, 
with  combined  sewers  along  the  sub-valleys  delivering  foul  water  of 
ordinary  weather  into  intercepting  sewers  with  overflows  to  open  chan- 
nels for  storm  water .^ 

I  consider  it  essential  that  the  open  channels,  which  would  be  the  River 
des  Peres,  Harlem  Creek,  and  Marais  Castor,  to  about  Clara  avenue  pro- 
duced, should  be  kept  free  from  pollution.  I  know  no  way  in  which  this 
can  be  secured  unless  the  channels  and  their  immediate  banks  become 
the  property  of  the  city.  To  guard  the  River  des  Peres  from  pollution 
intercepting  sewers  must  at  an  early  date  follow  the  right  bank  from  the 
Mississippi  to  mouth  of  Grand  Ruisseau,  and  eventually  to  the  mouth  of 
Rock  Branch  ;  the  left  bank  from  Arsenal  street  to  south  line  of  Forest 
Park  ;  and  along  the  north  line  of  the  park. 

Harlem  Creek  Valley  will  require  an  intercepting  sewer  from  the 
Mississippi  to  Natural  Bridge  road  and  Marais  Castor,  from  that  point  to 
near  Clara  avenue.  These  intercepting  sewers  are  not  to  follow  the 
meanders  of  the  streams,  but  take  the   shortest  practicable  course.    If 
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cost  of  sewer  construction  be  set  off  against  cost  of  land  an  economical 
balance  will  be  found  in  favor  of  a  liberal  land  condemnation.  I  do  not 
say  that  Harlem  Creek  could  not  be  covered  in;  but  the  cost  would  be 
great,  2^  miles  of  large  sewer,  whose  cost  cannot  be  estimated  at  less 
than  $500,000;  whereas  an  intercepting  sewer  would  not  cost  more  than 
$100,000,  and  the  land  taken  would  be  extravagantly  valued  at  $50,000. 
If  the  plan  of  intercepting  sewers  for  sewage,  and  open  channels  for 
storm  water  be  adopted  for  the  larger  streams,  then  its  extension  to  the 
minor  creeks,  Marais  Castor,  Grand  Ruisseau  and  Rock  Branch  is  also 
suggested. 

To  carry  out  this  or  indeed  any  rational  plan,  will  require  the  wise  and 
early  adoption  of  a  general  plan  of  streets  and  drainage  lines  that  shall 
conform  to  the  topography,  so  as  to  afford  surface  drainage  by  streets  to 
the  main  drains.* 

The  plan  which  I  suggest  for  the  future  drainage  of  St.  Louis  com- 
prises : 

1.  Sewers  carrying  house  drainage  and  storm  water  from  the  high 
lands  to  and  along  the  minor  watercourses. 

2.  Intercepting  sewers  receiving  the  ordinary  flow  from  several  sewers 
of  the  preceding  class  and  carrying  it  to  some  suitable  outlet.  Overflow 
to  pass  into  open  channels  when  size'becomes  inconvenient. 

3.  A  sewer  from  near  Union  avenue,  running  east  along  north  line  of 
Forest  Park,  and  thence  through  the  ridge  to  a  connection  with  Mill 
Creek  sewer,  into  which  the  foul  drainage  of  the  Lay  and  Union  avenue 
districts  would  fall  by  gravity,  and  that  from  De  Baliviere  and  Hodiamont 
districts,  and  the  suburbs  that  may  grow  up  on  the  north  branch  of  Des 
Peres,  be  pumped;  lift,  about  25  feet.  Also  a  sewer  along  the  slope  to 
the  Des  Peres  from  near  Arsenal  street  northeastwardly  to  the  Mill  Creek 
sewer,  to  which  the  sewage  from  the  area  south  of  Forest  Park  and 
from  suburbs  developed  in  the  district  drained  by  south  branch  of  Des 
Peres  shall  be  pumped  ;  lift,  about  60  feet.  In  this  case  purification  is 
an  alternative  to  be  considered. 

4.  Storm  water  conduits  from  the  depression  on  Lay  avenue  leading 
into  the  Des  Peres,  and  from  the  south  part  of  the  Mill  Creek  basin,  follow- 
ing near  the  line  of  the  railroads  into  the  Des  Peres,  to  divert  a  part  of 
the  water  from  Mill  Creek  sewer,  which  will  be  overtaxed.  Also  if  it 
should  be  found  necessary  to  relieve  Rocky  Branch  sewer,  a  conduit  to 
Harlem  Creek  could  be  built  at  less  cost  than  a  second  sewer  parallel  to 
the  one  now  existing. 

The  accompanying  map  shows  the  several  drainage  areas.  It  must 
not  be  supposed  that  the  boundaries  or  locations  are  fixed,  for  they  have 
been  sketched  in  from  eye  survey  only. 

*  Such  a  general  plan  was  contemplated  by  the  charter,  and  it  was  made  one  of  the 
duties  of  the  Board  of  Public  Improvements  to  prepare  the  plan,  but  the  duty  has  not 
been  performed,  chiefly  because  no  appropriations  for  surveys  have  been  made.  The 
cost  of  topographical  surveys  has  been  so  much  reduced  by  the  transit  and  stadia 
method  that  there  is  no  reason  for  further  delay.  Triangulation  and  topography  may» 
and  should,  precede  the  cadastral  survey. 

Were  the  cost  tenfold  what  it  need  be,  the  investment  would  pay  the  city  manifold 
in  diminished  cost  and  increased  facility  for  drainage. 
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The  contours  shown  on  the  accompanying  skeleton  map  give  an  im- 
perfect idea  of  the  topography  of  part  of  the  city. 
Table  of  sewer  areas  actual  and  suggested  : — 

Several  small  sewers,  direct  to  river,  all  built. 

Biddle  street  sewer,  drainage  nearly  complete. 

Small  sewers,  direct  to  river,  all  built. 

Chambers  street  sewer,  drainage  nearly  complete. 

Benton  street  sewer,  drainage  nearly  complete. 

Small  sewers,  mostly  not  built. 

Salisbury  street  sewer,  drainage  nearly  complete. 

Bremen  avenue  sewer,  drainage  nearly  complete. 

Ferry  street  sewer,  main  sewer  unfinished. 

Prairie  avenue  sewer,  main  sewer  unfinished. 

Harlem  Creek,  large  area  not  yet  occupied. 

Rocky  Branch  sewer,  main  sewer  unfinished. 

Hodiamont  avenue  sewer,  area  not  occupied  as  yet,  part  lies  outside  of 

city  limits. 
De  Baliviere  avenue  sewer,  area  filling  rapidly. 
Union  avenue  sewer,  area  developmg. 
Lay  avenue  sewer,  area  filling  rapidly. 
Mill  Creek  sewer,  main  trunk  sewer  nearly  complete.     Branches  built 

in  east  half  of  area. 
Contains  growing  manufacturing  and  residence  suburbs,  no  sewers. 
South  slope  to  River  Des  Peres,  growth  slow. 
Rutger  and  Miller  street  sewers,  drainage  complete. 
Carroll  strest  sewer,  drainage  nearly  complete. 
Southeastern  sewer,  drainage  nearly  complete. 
Trudeau  street  sewer,  drainage  nearly  complete. 
Barton  street  sewer,  drainage  nearly  complete. 
Louisa  street  sewer,  drainage  nearly  complete. 
Arsenal  street  sewer,  area  about  half  sewered. 
Utah  street  sewer,  area  mostly  unsewered. 
Southern  sewer,  little  used  as  yet. 
Uncertain,  probably  will  be  joined  to  32. 
Grand  Ruisseau,  large  unoccupied  area. 
Will  drain  to  river. 

Grundy  street  sewer,  north  end  of  South  St.  Louis. 
Quincy  street  sewer,  area  well  occupied,  sewer  needed. 
Stein  street  sewer,  sewer  built,  area  partly  drained. 
Will  drain  direct  to  river. 
Natural  outfall  is  by  the  Des  Peres,  an  intercepting  sewer  must  be 

provided  to  take  the  dry  weather  flow  from  thib  area  and  from  30 

and  37. 
"  37.     Rock  branch,  like  the  last,  but  sewering  a  remote  contingency. 
The  figures  37  were  unintentionally  omitted  from  the  map.     The  area  lies  west 
of  No.  30. 

Note. — Since  the  paper  was  written  a  general  plan  has  been  adopted 
by  ordinance,  embracing  the  areas  designated  as  Nos.  13,  14,  15,  16,  west 
part  of  17,  18  and  19,  in  accordance  with  the  suggestions  above.  Of  the 
area  embraced  in  the  plan,  13,200  acres,  about  5,000  will  be  drained  in 
the  usual  way,  4,550  will  drain  sewage  to  intercepting  sewers  and  be 
provided  with  storm  overflows,  2,300  acres  by  a  separate  system,  and 
1,350  acres,  being  park,  will  not  be  sewered. 
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EFFICIENCY  OF  CABLE  ROADS. 

ITS   VARIATION   WITH    LENGTH    OF   CABLE  AND    OTHER  ELEMENTS  OF    THE 

CONSTRUCTION. 


By  James  A.  Seddon,  Member  of  the  Engineers'  Club  of  St.  Louis. 

[Read  February  2,  1887.] 


I  suppose  almost  every  engineer  has  heard  more  or  less  loose  talk  about 
cable  roads,  both  by  their  advocates  and  their  opponents.  The  balancing 
of  up  and  down  grades,  and  easy  increase  in  service,  on  the  one  hand, 
and  the  loss  of  power  in  pulling  a  heavy  cable  for  nothing,  on  the  other, 
and  so  on  ad  infinitum.  But,  unfortunately,  the  saving  or  the  loss  in 
any  case  has  rarely  been  reduced  to  actual  figures. 

Having  had  my  attention  called  to  some  questions  of  the  efficiency  of 
this  method  of  transportation,  I  could  find  very  little  that  had  been 
published  on  the  subject,  and  some  of  that  little  misleading.  I  have 
therefore  gathered  together  what  facts  I  could,  and  have  used  them  in 
connection  with  a  fairly  full  theoretical  discussion,  in  the  hope  of  either 
inducing  the  publication  of  further  facts,  or  stimulating  the  collection 
of  further  data,  which  would  be  very  useful  to  the  engineer  in  planning 
and  the  superintendent  in  operating  this  class  of  roads. 

As  in  the  case  of  the  beam,  it  is  apparent  that  there  is  a  limit  to  the 
length  of  a  cable,  beyond  which  it  could  not  be  made  to  draw  its  own 
weight,  and  that  as  it  increased  in  length  the  efficiency,  or  "  power 
expended  in  drawing  cars,"  divided  by  "  total  power  expended,"  must 
decrease.  The  purpose  of  this  paper  is  a  consideration  of  this  decrease 
in  efficiency,  together  with  the  differences  m  efficiency  for  different  fac- 
tors of  safety  with  which  the  cable  is  worked,  and  the  differences  in 
efficiency  for  different  values  of  constants  dependent  on  the  construction 
of  the  road  (size  of  sheaves,  etc.). 

The  first,  change  of  efficiency  with  length  of  line,  is  an  important 
factor  in  the  location  of  power  stations,  for  it  is  simply  an  equation  be- 
tween cost  of  wasted  power  and  cost  of  power  stations  whether  a  line 
should  be  operated  from  one  or  from  two  stations,  or,  in  case  of  one 
station,  what  extra  expense  should  be  incurred  in  cost  of  site  to  place 
the  power  station  about  the  middle  of  the  line  and  operate  it  with  two 
cables. 

The  second,  differences  in  efficiency  for  different  factors  of  safety,  is 
one  step  in  the  determination  of  what  would  be  exactly  the  most 
economical  size  of  cable  to  use  for  any  given  road.  The  second  step 
would  be  the  fife  of  cables  with  different  factors  of  safety.  This  sec- 
ond step  will  probably  only  be  determined  slowly  by  practice. 

In  the  third,  differences  in  efficiency  for  differences  in  constants  of 
construction,  the  writer  regrets  that  he  can  only  show  what  differences 
in  efficiency  may  be  thus  caused;  he  at  first  hoped  to  be  able  to  connect 
this  change  in  the  constant  with  the  specific  differences  in  construction* 
such  as  size  of  sheaves,  number  of  curves,  depression  pulleys  where  there 
were  any,  etc.  The  scattering  data  which  he  could  collect,  however, 
was  insufficient  for   this.       But  he   hopes  that  the  large  effect  that 
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differences  actually  found  in  this  constant  have  on  efficiency  may  call 

attention  more  especially  to  this  subject,  so  that  this  change  may  be 

soon  quantitatively  connected  with  its  specific  causes. 

In  this  discussion,  the  pull  on  the  cable  required  to  operate  the  road 

will  be  used  as  offering  a  simpler  method  than  by  horse-power  (H.  P.). 

This  pull  taken  in  pounds  and  called   P  is  the  difference  in  tension  of  the 

cable  on  the  taut  and  slack  side  of  the  driving  drum.   P  is  related  to  the 

P  V 
H.  P.  required  to  operate  the  road  by  the  equation  =  H.   P.  where 

V  is  the  cable  velocity  in  feet  per  second.  In  the  above,  as  also  through 
this  paper,  the  small  fraction  of  the  power  used  in  running  the  ma- 
chinery up  to  the  driving  drum  is  neglected. 

This  total  pull  is  divided  into  the  pull  required  to  run  the  cars  on  the 
line,  and  the  pull  required  to  run  the  cable.     It  may  be  written  : 


P  =  Pt  + 


p  j  Pj  =  total  pull  in  pounds  of  the  cars. 
^3  -j  Pg  =         ««  «'  *'  cable. 


Considering  first  Pi,  it  is  apparent  that,  with  a  given  average  pull  for 
each  car,  and  with  the  cars  at  a  given  distance  apart,  comparing  one 
length  of  line  with  another,  there  would  be  twice  as  many  cars,  or  twice 
as  much  total  car  pull  on  a  line  twice  as  long,  three  times  as  much  on  a 
line  three  times  as  long,  etc.  Or  P^  =  K^L,  where  L  is  the  length  of  a 
given  cable  road  in  feet,  single  line,  and  K^  is  a  constant  to  be  determined 
for  each  road,  from  the  average  resistance  to  traction  per  ton  of  car  load, 
multiplied  by  the  average  weight  in  tons  of  a  loaded  car,  multiplied  by 
the  number  of  cars  on  a  unit  length  of  road.  As  used  in  the  final  cal- 
culations, L  will  be  taken  in  units  of  1,000  feet,  so  that  in  this  form  the 

equation  becomes 

Pi  =  1,000  Zi  L  (I.) 

The  resistance  to  traction  per  ton  has  been  made  the  subject  of  very 
careful  experimental  determinations  on  steam  railroads,  but  street  roads 
with  flat  rail  heads  and  different  journals  present  enough  variation  to 
make  the  use  of  these  experiments  quite  uncertain. 

About  the  only  applicable  data  that  I  have  been  able  to  find  on  this 
subject  is  from  a  paper  by  Mr.  A.  W.  Wright  in  the  Journal  of  the 
Association  of  Engineering  Societies,  December,  1885.  In  this,  from 
a  number  of  dynamometer  measurements,  he  finds  on  new  steel  rails  an 
average  resistance  per  ton  for  street  cars  of  15.6  pounds.  This  is  the  pull 
required  to  keep  in  motion  at  about?  miles  per  hour,  and  does  not  include 
the  extra  pull  required  to  start  cars.  He  also  gives  some  experiments  of 
D.  J.  Miller,  M.  E.,  while  employed  on]  the  Chicago  cable  road,  from 
which  he  deduces  the  pull  per  ton  as  10.95  at  about  the  same  velocity,  in- 
cluding power  to  start.  He,  however,  states  that  in  this  case  the  weight 
of  passengers  was  estimated  without  a  count  of  their  number,  and  con_ 
eludes  that  an  overestimate  of  passengers  accounts  for  this  small  value  of 
resistance  to  traction.  It  does  not  seem  impossible,  however,  that  resis- 
tance to  traction  may  be  somewhat  less  for  cable  roads  than  what  is 
generally  found  on  horse  roads,  as  the  rail  on  the  cable  road  is  generally 
cleaner. 

The  resistance  to  traction  per  ton  on  cable  roads  is  a  value  that  could 
80  easily  be  determined  on  any  cable  line  by  connecting  the  coach  to  the 
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grip  car  through  a  dynamometer  and  dividing  mean  pull  by  weight  in 
tons  hauled  that  any  attempts  to  more  exactly  estimate  it  would  be  un- 
necessary. When  once  well  determined  it  might  be  considered  a  constant, 
as  the  variation  in  speed  of  different  roads  would  probably  not  be 
enough  to  materially  affect  it.  This  resistance  to  traction  in  pounds  per 
ton  hauled  being  called  f^.  and  neglecting  the  extra  resistance  of  curves, 
which  would  have  a  special  value  for  each  road,  the  value  of  K^^  in  terms 
of  those  elements  that  must  be  adjusted  to  suit  the  travel  will  be  almost 
exactly  expressed  by  the  following  formula  : 

w        (  2000  v^ 

^^=  60  vty'''^   dx2g 
Where  w  is  the  average  weight  of  a  loaded  train  in  tons. 
V      "      cable  velocity  in  feet  per  second. 
d      ''     average  distance  between  stops  in  feet. 
t      "      mean  actual  time  in  minutes  between  trains. 
g      *'      acceleration  of  gravity=32.2. 
The  above  formula  requires  no  further  explanation,  it  being  simply  an 
expression  for  the  mean  car  pull  per  foot  of  cable  line,  the  work  used  in 
starting  cars  being  distributed  over  the  line,   and  the  number  of  cars 

pulling  being  taken  at  — ^  X  (No.   of  cars  on   line),  Vi  being  the  mean 

velocity  of  the  cars.  It  has  been  called  almost  exact;  this  is  because  the 
time  that  a  car  was  loose  on  the  cable  at  a  stop  has  been  taken  as  equal 
to  the  time  lost  at  that  stop.  This  would  be  the  case  exactly  if  the  time 
used  in  stopping  the  car  were  the  same  as  that  used  in  starting  it  again. 
A  slight  difference  that  might  exist  in  these  times  would  cause  the  for- 
mula to  be  in  error  an  inappreciable  amount.  Also  /  would  not  be 
theoretically  constant  through  the  variable  velocity  of  the  start.  Alto- 
gether the  possible  errors  in  the  formula  on  any  actual  road  would  hardly 
affect  the  value  of  K^  in  the  fifth  decimal  place,  or  beyond  the  range  to 
which  calculations  would  be  carried. 

A  tabulation  is  here  presented  giving  the  values  of  K^  for  those  differ- 
ent values  of  the  elements  on  which  it  depends.  It  represents  about  the 
range  that  might  be  found  necessary  in  the  different  services  for  which 
this  class  of  roads  would  be  built. 

In  the  following  table  d,  or  the  mean  distance  between  stops,  has  been 
taken  as  1000  feet.  This  quantity  without  very  careful  statistics  for  each 
road  can  only  be  an  estimate,  but  as  it  only  enters  once  to  the  first  power 
in  the  smallest  term  for  K^,  moderate  changes  in  it  would  only  slightly 
affect  the  above  values.  In  the  paper  by  Mr.  Wright,  above  referred  to, 
he  states  from  his  experience  on  one  of  the  Chicago  roads  the  average 
distance  between  stops  was  in  that  case  1178  feet,  /c  has  also  been  taken 
in  this  tabulation  as  10  ;  this  gives  for  a  7  miles  velocity  a  resistance 
to  traction  per  ton,  including  starting,  of  13.3  pounds.  This  value  is 
between  that  of  Mr.  Miller's  of  10.95,  and  Mr.  Wright's  of  15.6  ;  the  first 
on  cable  lines,  including  starts,  the  second  on  horse  lines,  excluding 
starts  ;  but  as  before  stated,  no  very  close  calculation  can  be  made  on 
this  subject  until  more  data  are  collected  on  car  friction.  However,  the 
object  of  the  above  tabulation  is  to  show  how  the  value  of  K^  will  vary 
with  the  more  important  variables,  velocity  of  cable,  average  weight   of 
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K,  = 


w 
QOVt 


(/c  + 


2000  v"^ 


(w  =  Average  weight  of  trains  in' 
'  tons. 


tv 


=  -  .X 
t 


!  \  tons. 

,       2    /  i"   ~  Cable  velocity  in  feet  per  sec . 

S'/  I  c^  —  Average     distance     between 

'  stops  =  1000  feet.  , 

t    =  Mean  actual  time  in  minutes  I 

between  trains.  | 

2(7=64.4.  J 

TABULATION. 

VALUES  OF  Ki. 


I./C 


taken    as 
10. 


V  in 

IV  =  8. 

miles 

per 

hour. 

X 

t   rr  2 

t  =  3 

t  =  4 

t  =  5 

t  =  6 

6 

0.0235 

0.0940 

0.0627 

0.0470 

0.0376 

0.0313 

7 

.0216 

.0864 

.0576 

.0432 

.0346 

.0288 

8 

.0203 

.0812 

.0541 

.0406 

.0325 

.0217 

9 

.0194 

.0776 

.0517 

.0388 

.0310 

.0259 

10 

.0190 

.0760 

.0507 

.0380 

.0304 

.0253 

w  -  10. 

6 

0.0235 

0.1175 

0.0783 

0.0587 

0.0490 

0.0398 

7 

.0216 

.1080 

.0720 

.0540 

.0432 

.0360 

8 

.0203 

.1015 

.0677 

.0507 

,0406 

.0338 

9 

.0194 

.0970 

.0647 

.0485 

.0388 

.0323 

10 

.0190 

.0950 

.0633 

.0475 

.0380 

.0317 

w;  =  12. 

6 

0.0235 

0.1410 

0.0940 

0.0705 

0.0564 

0.0470 

7 

.0216 

.1296 

.0864 

.0648 

.0518 

.0432 

8 

.0203 

.1218 

.0812 

.0609 

.0487 

.0406 

9 

.0194 

.1159 

.0773 

.0579 

.0464 

.0386 

10 

.0190 

.1140 

.0760 

.0570 

.0456 

.0380 

w  =  14. 

6 

0.0235 

0.1645 

0.1097 

0.0822 

0.0658 

0.0548 

7 

.0216 

.1512 

.1008 

.0756 

.0605 

.0504 

8 

.0203 

.1421 

.0947 

.0711 

.0568 

.0474 

9 

.0194 

.1358 

.0905 

.0679 

.0543 

.0453 

10 

.0190 

.1330 

.0887 

.0665 

.0532 

.0443 

trains  and  time  between  trains,  and  about  the  actual  variation  of  K^  that 
would  be  found  on  different  roads  running  trains  is  covered  in  this  tabu- 
lation, though  further  investigation  in  car  friction  might  show  that  these 
values  of  K^  here  given  were  not  assigned  to  exactly  the  right  cable 
velocity  or  average  weight  or  time  between  trains. 

In  what  follows  K^  will  enter  the  general  formula  as  a  quantity  to 
which  a  value  must  be  assigned  in  each  case,  which  value  is  determined, 
as  shown  above,  by  the  special  demands  of  the  service  in  that  case.  But 
in  the  special  investigation  of  the  variations  of  efficiency  with  different 
lengths  of  road,  etc.,  a  value  of  0.0812  will  be  taken  for  K^^,  or  the  tabular 
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value  of  a  three-minute  service,  eight-mile  velocity  of  cable  and  twelve 
tons  average  weight  of  trains.  This  is  somewhat  smaller  than  the  cor- 
rect value  for  the  St.  Louis  cable  road. 

It  may  be  here  stated  that,  of  course,  about  the  maximum  service  must 
be  taken  in  determining  the  value  of  K-^^.  since  size  of  cable  should  be 
designed  for  this  service  ;  and  further,  that  it  is  only  the  efficiency  for 
this  maximum  service  that  is  the  subject  of  consideration  in  this  paper. 
It  is  plain  that  if  the  size  of  cable  is  fixed  by  this  service,  and  hence 
power  to  pull  cable  is  fixed,  the  greatest  efficiency  for  a  given  allowable 
strain  in  the  cable  will  be  obtained  at  this  maximum  service,  and  that 
from  this  value  the  actually  realized  efficiency  may  decrease  to  zero  as 
the  cars  are  more  and  more  nearly  all  taken  off  the  road.  The  relation 
of  the  actually  realized  efficiency  to  this  maximum  efficiency  may  be 
easily  determined  in  any  given  case,  knowing  the  fluctuations  of  the 
service,  but  a  consideration  of  this  is  beyond  the  purpose  of  this  paper. 

Having  considered  briefly  the  nature  of  this  constant  in  the  equation 
for  the  more  simple  variation  of  total  car  pull  with  length,  it  will  be 
necessary  to  consider  in  greater  detail  the  variation  of  total  cable  pull, 
or  P2,  with  length.  It  may  be  said  that  Pg  should  vary  directly  with 
total  weight  of  cable,  or  Pg  =  K^  (cable  weight),  but  to  see  exactly 
under  what  condition  this  equation  exists,  it  will  be  necessary  to  review 
some  of  the  principles  underlying  this  method  of  the  transmission  of 
power.  If  in  this  I  am  repeating  what  is  familiar  to  many  of  you,  it  is 
simply  to  avoid  the  possibility  of  being  misunderstood  by  some,  and  I 
hope  on  that  account  I  may  be  pardoned  in  explaining,  perhaps  with 
unnecessary  care,  precisely  the  steps  taken. 

Pg,  which  is  the  force  that  overcomes  the  friction  resistance  to  the 
movement  of  cable,  may  be  taken  as  meeting  a  resistance  made  up  of 
two  elements.  First,  an  element  of  friction  due  to  the  weight  of  the  cable. 
Second,  an  element  of  friction  due  to  the  tension  of  the  cable.  The  first 
is  simply  a  weight  pressure  on  a  number  of  journals,  and  for  sheaves 
and  journals  of  a  given  size  naay  be  taken  as  /r  X  (cable  weight), 
where /r  is  the  co-efficient  of  friction  for  a  given  pulley  and  cable  weight 
is  the  total  weight  on  all  the  pulleys.  Second.  The  element  of  friction 
due  to  tension  would  occur  mainly  at  curves,  depression  pulleys,  etc.,  or 
wherever  a  bend  in  the  cable  caused  the  tension  under  which  it  was 
working  to  brmg  an  extra  pressure  on  the  journals.  It  may  be  written 
"Eft  (T)  where  ft  is  a  constant  co-efficient  and  Tis  the  tension  of  cable 
found  at  any  point  where  such  tension  was  causing  additional  friction,  '2 
indicating  the  summation  of  all  such  points.  A  word  now  in  regard  to 
the  laws  of  this  method  of  transmission  of  power. 

As  in  the  case  of  a  belt,  the  sum  of  the  tensions  on  the  taut  and  slack  side 
of  the  driving  drum  is  constant.  If  the  driving  drum  were  free  to  move 
in  either  direction  the  tension  on  each  side  would  become  equal.  This  is 
called  the  mean  tension,  or  Tm.  When  the  drum  is  turned,  transmitting 
a  pull  to  another  drum,  or  as  in  the  case  of  a  cable  road  distributing  it 
along  the  line,  the  mean  tension  is  increased  on  the  side  transmitting  the 
pull,  and  decreased  by  an  equal  amount  on  the  other  side.  These  ten- 
sions are  respectively  called  T^  and  T^,  and  1\  —  T.^  is  the  pull  transmit- 
ted.     For  any  given  arrangement  of  wraps  on  the  driving  drum  and  a 
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given  mean  tension,  it  is  apparent  that  there  is  a  limit  beyond  which  the 
excess  of  T^  over  T^  could  not  go.  It  is  the  point  where  any  excess  of  pull 
would  cause  the  cable  to  shp  on  the  drum.  This  limit  to  the  value  of  pull 
transmitted  is  given  by  the  well-known  equation  between  the  two  tensions. 

—  =  e^ 

T, 
where  /  is  the  co-efficient  of  friction  between  the  materials  of  the  belt 
and  pulley,  and  0  is  the  angle  of  contact,  e  being  the  Naperian  base. 
This  is  the  ratio  of  greatest  economy  in  transmission  of  power  and 
would  be  approximated  in  practice.  The  above  equation  gives  simply  a 
definite  relation  between  mean  tension,  or 

Tr  +  T, 
2 
and  the  maximum  tension  or  T^ ,  as  follows  : 

We  will  now  return  to  the  element  of  friction  due  to  tension,  which 
was^/t  {T),  and  assuming,  what  would  always  be  very  close  to  the 
case,  that  the  pull  was  uniformly  expended  along  the  straight  reaches 
we  would  have  Ty^  decreasing  uniformly  from  the  power  station  to  a 
curve  or  depression  pulley  down  the  line  :  also  T^  would  increase  on  the 
return  line  the  same  amount  down  to  this  point,  so  that  the  sum  of  the 
two  tensions  on  the  down  and  up  line  acting  at  that  point  would  be 
Ti  +  Tg ;  through  the  curve  it  would  not  be  uniform,  tension  increasing 
less  there  on  the  return  line,  so  that  the  sum  of  the  tensions  would  be 
slightly  less  at  the  second  curve,  etc. ;  but  neglecting  this  as  very  small 
in  comparison  with  thevalue  of  T^  +  T^,  and  considering  the  summation 
as  embracing  the  points  of  a  double  track  road,  taken  opposite  each 
other,  two  and  two,  we  may  write  with  little  error  Tm  for  the  variable 
tension  T  at  any  point.  Also  if  we  consider  the  length  of  the  road  taken 
in  an  imaginary  unit,  comprising  an  average  amount  of  this  tension  re- 
iistance,  we  may  replace  ^  by  multiples  of  the  length  in  this  unit,  from 
vhich  we  have 

2  ft  {T)  =  I  ft  {Tm),  or  in  terms  of  T^=lft  (i  (1  +  e-f  6  )  T^). 

Now  neglecting  here  the  comparatively  unimportant  element  of  local 
tension  that  may  ,be  caused  by  starting  a  car,  and  T^  is  the  maximum 
tension,  to  safely  bear  which  the  size  of  the  cable  must  be  designed.  As 
will  be  more  fully  considered  later  the  strength  of  a  cable  is  directly  pro- 
portional to  its  cross  section,  or  to  its  weight  per  unit  of  length  ;  using  a 
general  constant  to  express  this  proportion,  we  may  say  Tj  =  c  (weight  of 

cable  weight 
unit  length)  =  c j ,  and  substituting  this  value  of  T^  in  the 

above  equation,  and  writing  for  the  product  of  the  different  constant 
terms  a  general  constant  c^,  and  we  have 

from  which,  as  at  first  expressed, 

Pj  =  /r  (cable  weight)  +  Ci  (cable  weight)  =  K^  (cable  weight),    where 

K^  is  the  sum  of  the  two  constant  terms /r  and  Cj. 
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In  the  above,  some  small  elements  of  friction  have  not  been  con- 
sidered, as  they  are  thought  to  be  comparatively  insignificant,  and  as 
their  introduction  would  give  a  needlessly  complex  equation.  Neglect- 
ing these,  then,  the  conditions  of  this  equation  may  be  now  stated.  For 
a  cable  designed  to  work  with  a  given  factor  of  safety  and  having  an 
average  constant  amount  of  deflection,  say  one  right  angle  curve  per 
mile,  then  for  all  variations  either  in  length  or  size  Pg  =  K^  (cable 
weight),  where  Pg  is  the  pull  in  pounds  required  to  run  the  cable, 
without  cars,  at  the  given  velocity,  and  Xg  is  a  constant  depending  on 
the  type  of  construction,  such  as  size  of  sheaves,  curvature  per  mile, 
etc.  Between  different  types  of  construction  it  is,  of  course,  apparent 
that  K^  will  be  smaller  the  less  the  curvature  in  the  line,  also  it  will  be 
smaller  the  greater  the  ratio  of  diameter  of  sheave  to  diameter  of 
journal.  It  also  should  be  noted  that  the  greater  the  factor  of  safety, 
or,  which  is  the  same  thing,  the  smaller  the  ratio  of  T  ^to  weight  of  unit 
length  of  cable,  the  smaller  will  be  the  value  of  Xg.  So  that  between 
roads  where  not  only  the  type  of  construction  is  different,  but  where  the 
size  of  the  cable  is  arbitrarily  assumed,  there  is  little  comparison  in  the 
values  found  for  K^.  This  is  the  constant  of  construction  mentioned  at 
the  beginning  of  this  paper.  Some  determination  of  the  separate  values 
of  its  tension  and  weight  elements  and  their  laws  of  variation  is  of  de- 
cided importance,  as  will  be  appreciated  further  on  when  we  see  its  effect 
on  efficiency.  This  determination  might  be  attempted  theoretically,  but 
without  the  guidance  of  experimental  data  it  would  hardly  be  more 
than  a  modified  guess,  and  in  this  paper  I  have  preferred  to  rest  the 
matter  here.     Actual  values  of  K^  will  be  considered  later. 

Our  expression  for  Pg  is  now  K^  (cable  weight), 

or  P2  =  K2  (weight  per  foot)  X  L  (1) 

where  L  is  the  length  of  cable  in  feet. 

The  weight  per  foot  of  cable  is  expressed  in  terms  of  the  tension  the 
cable  is  expected  to  bear  from  the  data  on  the  following  diagram.  The 
weight  per  foot  in  pounds  is  there  plotted  as  abscissae  to  the  breaking  strain 
in  tons,  as  ordinates,  for  crucible  cast  steel  cables  with  hemp  centres  of 
various  makes.  The  line  drawn  on  the  diagram  expresses  the  ratio  of 
strength  to  weight  used.  It  is  about  a  mean  line,  and  is  close  to  the 
points  (marked  a)  of  Roebling  &  Sons,  7  strand  49  wire  cables.  The 
divergence  of  some  pf  the  points  from  this  line  is  not  so  important  when 
we  remember  that  only  from  i  to  i  of  this  breaking  strain  is 
taken  in  practice  for  safe  working  loads.     This    fine  gives  the  ratio 

weight_perJoot  in  lbs.  ^  ^^^^^^^  or  introducing  a  factor  of  safety  ''p"  to 
breaking  strain  in  tons 

pass  from  breaking  to  working  strain,   and  substituting  for  strain   the 
maximum  tension  in  tons  Tnix  that  may  be  thrown  on  the  cable,  we  have 
Weight  per  foot  =  0.0532  p     Jinx.  (2) 

At  this  point  it  will  be  necessary  to  consider  again  m  more  detail  the 
ratio  between  the  tensions  on  the  taut  and  slack  side  of  the  driving 
drum,  and  their  relation  to  the  pull  transmitted.     The  equation  has  been 

stated  — >  =  e*'      where/  is  the  co-efficient  of  friction  between  the  sur 
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faces  of  drum  and  belt  and  Q  is  the  angle  of  contact  on  the  drum.    From 
this  follows  : 

e*^  — 1 
where  P  is  total  pull  transmitted,  or  T^  —  T^,  T  and  P being  taken  in  the 
same  units. 

The  expression  ef^  may  be  put  in  the  form  10  2.728s/  n^  where  n  is 
the  number  of  wraps  that  the  cable  makes  on  the  drum.  In  this  form  it 
is  easily  calculated,  being  simply  the  number  whose  common  log.  is  the 
exponent  of  the  expression,  n  on  the  cable  roads  is  generally  made  up  of 
a  given  number  of  half  wraps.  For  different  values  of  n  the  ratios  above 
mentioned  have  the  following  values.  In  the  calculations  /  has  been 
taken  —  0.20,  the  co-efficient  of  friction  for  steel  on  cast  iron  (Trautwine). 

fO        2  €•'  T 

Turns  of  cable.  n  =         e      or  -Tir-        -77 —  or  -5        Values  of 

}4  1.875  2.24  2.0 

1  3.514  1.40  1.6 
IK                     6.586                        1.18                  1.3 

2  12.364  1.09  1.2 


2K  23.142  1.04 


n  =  ool.  + 


*  To  be  explained. 

In  the  different  cable  roads  that  I  have  been  able  to  learn  of,  the  value 
of  n  has  varied  from  ^  wrap  to  2\,  so  that  in  this  general  discussion  a 

T  ef^ 

variable  term  will  be  introduced  for  the  ratio  -^  or  —fK~  •  ^^^  brevity, 

^  e  —1 
this  ratio  will  be  designated  as  cp,  and  this  variable  would  have  inter- 
mittent values,  as  shown  in  the  above  tabulation.  It  must  be  remem- 
bered, however,  that  these  values  of  (p  are  for  the  greatest  possible  values 
of  P,  or  where  the  cable  is  on  the  point  of  slipping  on  the  drum.  In 
practice,  therefore,  (p  should  be  taken  somewhat  greater.  About  actual 
values  for  (p  are  written  in  the  last  column.  In  the  first  value  for  i  turn, 
cp  has  been  decreased,  because  it  is  thought  that  this  arrangement  would 
rarely  be  used,  except  for  a  grooved  wheel,  in  which  case/  would  be  de- 
cidedly larger.  Also  beyond  2  turns  cp  has  not  been  taken,  as  increasing 
the  wraps  beyond  this  is  shown  to  give  but  slight  advantage.  Taking 
tension  in  tons  and  pull  in  pounds,  which  are  the  units  that  have  been  pre- 
viously used,  we  may  write 

2,000  Ti  _,  P  ,„. 

--— =  ^,orr,  =  ^-^^  (3) 

where  qj,  as  shown,  depends  only  on  the  winding  of  cable  on  the  driv- 
ing drum,  and  the  economic  regulation  of  the  tension  on  the  slack  side. 
In  the  special  investigation  of  efficiency,  <p  will  be  taken  as  having  the 
value  of  1.2,  or  where  the  angle  of  contact  is  equal  to  2  turns.    This 
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is  the  value  for  the  St.  Louis  cable  road,  the  contact  there  being  four  half 
wraps  ou  the  driving  drum. 

Now  Tj  is  the  maximum  tension  that  would  be  thrown  on  the  cable 
from  the  simple  operation  of  driving  it  so  as  to  transmit  a  total  pull  P. 
But  in  determining  the  maximum  tension  or  Tmx  to  which  the  cable 
may  be  subjected,  there  is  another  element  that  must  be  considered 
here.  It  is  the  extra  strain  that  may  be  brought  on  the  cable  at  any 
point  in  starting  a  train.  It  may  be  considered  as  a  local  strain  coming 
from  connecting  a  stationary  with  a  moving  body,  and  it  might  approxi- 
mate the  maximum  force  exerted  while  starting  the  train.  This  strain, 
taken  in  tons  and  called  z,  will  be  used  as  a  variable  in  the  general 
discussion.  But  first  some  considerations  of  the  values  that  it 
may  have  may  be  given,  assuming  that  it  equals  the  maximum  force 
in  starting  a  train.  In  the  paper  by  Mr.  Wright,  before  referred  to, 
he  found,  on  horse  roads,  forces  as  great  as  283.5  pounds,  per  ton  in 
starting  cars.  This  would  give  for  a  12-ton  train  a  value  for  z  of 
about  1.7.  It  should  be  remembered,  however,  that  on  horse  lines 
the  value  found  is  limited  by  the  pull  that  the  horses  can  exert, 
while  in  cable  lines  it  is  limited  by  the  way  the  gripman  puts  the  press- 
ure on  the  grip.  Every  one  who  has  stood  on  a  cable  car  behind  a  new 
gripman  has  felt  this  force,  which  at  times  he  could  hardly  stand  against^ 
and  if  we  consider  that  this  force  is  multiplied  by  every  passenger  in  the 
car  and  also  the  dead  weight  of  the  car  and  grip,  and  that  the  cable  may 
be  locally  strained  by  about  that  amount,  some  personal  idea  of  the  value 
of  z  may  be  realized.  In  passing,  I  might  state  that  Mr.  Wright's  value 
of  283.5  per  ton  is  about  equal  to  a  pull  of  the  kind  described  of  20  pounds 
on  the  average  passenger. 

It  is  probable  that  on  cable  roads  this  force  is  somewhat  greater  than 
the  value  283.5  per  ton.  This  as  *he  value  ^for  /c  before  mentioned,  or 
resistance  per  ton  to  traction,  could  so  easily  be  determined  together  that 
there  is  no  necessity  for  any  closer  assumption  of  it  in  this  paper,  z 
must  enter  as  a  variable  in  the  general  equation,  since  only  its  value  per 
ton  may  approach  constancy,  and  there  is  no  objection  to  regarding  its 
limits  of  variation  extended  somewhat  so  as  to  include  possible  future 
more  accurate  determinations  of  its  constant  element ;  about  the  practi- 
cal limits  of  z  would  probably  be  from  1  to  3,  or  from  an  8-ton  train  at 
250  pounds  strain  per  ton  to  a  14-ton  train  at  430  pounds  per  ton.  The 
value  of  z  taken  in  the  special  investigation  will  be  2,  or  for  the  12-ton 
train  already  assumed,  a  local  strain  of  333  pounds  per  ton. 

We  now  have  the  equation 

Tmx  =  T^+  z.  (4) 

Bringing  together  now  equations  (1),  (2),  (3)  and  (4),  that  have  been  ex- 
plained in  some  detail. 

Pg  =  Kz  (weight  per  foot)  L  (1) 

(Weight  per  foot)  =  0.0522  p  Tmi  (3) 

^^  =  ^  2:^  ^^> 

and     Tmx  =T^  +  z  (4) 

And  making  the  apparent  substitutions, 

K  =  ^,i  0.0522  p(^-^-^^+. 
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and  remembering  that  P  =  P-^^  +  P^  —  K^  L  -\-  P.^ 
P,  =  K.,L  0.0-022  i,U^^±f^   +z 
Or, 

^■^[^ poo J   =  -" Poo +^=  O.O022  pzL 

Or,  takinoc  L  in  units  of  1,000  feet,  instead  of  in  units  of  one  foot,  as  in 
the  above  expression,  and  we  Lave  finally, 

_  26.1  K^  K^  p  <pL-^  -h  52.2  K.  p  z  L 
'^  "  1  —  0.0261  K^pcpL  ■    ' 

A  glance  at  this  equation  shows  the  theoretic  limit  to  the  length  of  a 
given  cable  road  which  was  mentioned  at  the  beginning  of  this  paper. 
Where  the  last  term  in  the  denominator  equals  one,  the  denominator 
becomes  zero,  and  hence  Po  infinite,  or  this  may  be  stated  practically  as 
follows  :  A  cable  road  of  that  given  type  of  construction  could  not  be  run 
beyond  that  length  without  working  the  cable  with  a  smaller  factor  of 
safety  than  the  one  chosen.  Of  course  no  one  would  work  it  close  up  to 
this  length,  since  its  best  possible  efficiency  would  be  then  next  to 
nothing. 

Tho  only  quantity  in  this  expression  for  Po  that  we  may  not  now 
assign  reasonably  close  values  to,  in  a  given  case,  is  K^,  this  may  be 
called  the  co-efficient  of  cable  friction,  or  the  pull  in  fractions  of  a  pound 
required  to  move  at  the  given  velocity  one  pound  of  cable.  Without 
actual  data  from  roads  that  have  been  constructed,  very  little  idea  of  the 
value  of  K^  could  be  formed.  For  my  own  part,  when  I  first  commenced 
investigating  the  subject  I  was  decidedly  surprised  at  the  magnitude  of 
some  of  the  values  found  for  it,  as  well  as  the  large  variation  that  it  under- 
went for  different  roads.  In  what  follows  I  give  all  the  actual  data  that  I 
have  been  able  to  collect  so  far  on  this  subject.  It  is  needless  to  say  that 
this  list  could  have  been  much  enlarged  from  various  sources,  if  estimates 
of  H.  P.  had  been  accepted,  but  I  have  preferred  to  present  only  those  cases 
where  the  H.  P.  was  determined  by  indicator  diagrams,  and  thus  an 
accurate  determination  of  K.^  made. 

The  data  for  the  following  determinations  of  K.^  on  the  San  Francisco 
cable  roads  is  taken  from  a  paper  by  W.  W.  Hanscom,  M.  E.,  in  the 
Street  Railway  Gazette,  1886,  Nos.  6-9. 

SAN  FRANCISCO  CABLE  ROADS. 

Deduced 

Total  Speed  of  Total  H.  P.          K^  or 

Len.s:th  of      weight  of  cable  in  to  pull  .     pull  in  lbs. 

cable  in         cable  in  miles  cable  with-    per  lb.  of 

Name  of  road.               feet.                 lbs.  per  hour.  out  cars.           cable. 

Clay 11,006            15,400  6  22.6               0  0917 

California 25,895           65,000  6  84.0               0.0808 

Union 21,000           30,500  6  39.0               0.0799 

Market,     Valencia    & 

Haight 65,765          164,412  8  201.0               0.0573 

McAllister 27,183           68,000  8  60.0               0.0414 

Such  details  of  these  roads  as  could  be  found  may  be  seen  by  consult- 
ing the  paper  above  referred  to.  They  were  not  sufficiently  full  to  jus- 
tify an  attempt  to  discuss  the  specific  causes  of  this  variation  of  K^.  It 
may  be  stated  generally  that  Clay,  California  and  Union  are  steep-grade 
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lines,  at  times  about  1  to  6,  crossing  level  streets,  involving  a  number  of 

depression  pulleys.     Also  that  Market,  Valencia  and  Haight  is  described 

as  if  it  were  composed  of  three  separate  cables  run  from  one  engine. 

The  following  is  the  data  of  the  St.  Louis  cable  road  : 

Length  of  Total  weight           Speed  of  Total  H.  P.  Deduced  K^, 

cable  in                     of  cable               cable  in  to  pull  cable  or  pull  in  lbs. 

feet                            in  lbs.  miles  per  hour,  without  cars.  per  lb.  of  cable. 

35,700                        89,250                     8.  178.5  0.094 

The  following  are  the  main  details  of  the  construction  :  The  line  is 
operated  as  one  cable  from  power  station  about  f  mile  from  its  western 
terminus  ;  sheaves  on  line  10  inches  diameter,  spaced  82  feet  apart  ;  on 
curves,  an  18-inch  sheave  at  each  tangent  point  and  filled  in  between 
these  about  as  close  as  can  be  spaced,  15-inch  sheaves  on  curves  of  small 
radius,  and  on  those  of  larger  radius  13  inch  sheaves  ;  at  ends,  elevation 
sheaves  40  inches,  turn  drums,  9  feet ;  diameter  of  driving  drum,  10 
feet.  The  cable  makes  four  half  wraps  on  this  drum.  The  minimum 
tension  on  slack  side  at  time  of  determining  the  horse-power  given  above 
was  1.2  tons. 

The  road  is  a  double  line  throughout,  making  in  all  14  turns,  or  28 
single  curves,  around  which  the  cable  passes,  4  of  these  14  turns 
are  through  right  angles,  the  others  are  through  various  deflections  from 
about  60  degrees  down. 

For  the  following  data  of  the  Kansas  City  cable  road  I  am  indebted  to 
Clift  Wise,  C.  E.,  Chief  Engineer  of  that  road: 

The  road  is  a  double  line  throughout,  driven  at  present  from  one  power 
station  near  its  western  terminus.  Near  its  eastern  terminus  the  main 
cable  passes  around  two  pulleys,  giving  power  to  these  to  run  a  short 
auxiliary  branch. 

Length  Total  Speed  of         Total  H.  P.        Deduced  £:2, 

of  weight  cable  in  to  pull  cable  or  pull  in 

cable  of  cable  miles  without  lbs.  per  lb. 

in  feet.  in  lbs.  per  hour.  cars.  of  cable. 

Mam  cable..  29400  i         ^^qqq  ^1  114  0.068 

The  main  details  of  construction  are  :  terminal  sheaves  and  drums,  12 
feet  diameter  ;  sheaves  on  curves,  2  feet  10  inches ;  carrying  sheaves,  2  feet  ; 
on  auxiliary  cable,  carrying  sheaves,  1  foot;  10  sets  of  depression  sheaves 
on  the  line,  diameter  5  inches  ;  5  right  angle  curves  in  the  double  line. 

The  variations  of  all  the  terms  entering  the  general  formula  for  Pg 

have  been  now  considered,  and  about  the  limits  of  the  variation  and  the 

special  causes  producing  it  have  been  considered  in  each  case,  with  the 

exception  of  the  co-efficient  of  cable  friction,  or  K^ ;  for  this,  on  roads 

for  which  reliable  data  could  be  found,  the  data  and  the  determination 

of  Zj  have  been  given.    We  may,  therefore,  close  the  general  discussion 

P 
with  the  equation  for  efficiency  E,  as  follows,  E  =    p    ^  „ 

This  may  be  written  out  from  the  formula  given  for  Pg  and  Pg ,  but  its 
characteristics  will  be  apparent  in  the  special  consideration  that  follows. 

If  other  engineers  are  anything  like  myself,  very  shadowy  ideas  are  all 
that  are  gotten  by  looking  at  a  general  formula,  I  have,  therefore,  taken 
about  mean  values  for  all  the  elements  except  the  three,  viz.,  length  of 
line  L,  factor  of  safety  in  cable  p,  and  co-efficient  of  cable  friction  K^, 
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the  effect  of  whose  variation,  as  stated  at  the  beginning,  was  the  special 
object  of  this  paper.  From  now  on  I  will  in  the  main  consider  quanti- 
ties and  not  equations. 

Taking  these  mean  values,  or 
K^  =  0.0812,  approximate  for  a  3  minute  service  on  8  miles  velocity  of 

cable  with  average  weight  of  train  12  tons. 
^  =  1.2,  ratio  of  tension  on  driving  side  of  drum  to  pull  transmitted 

about  safe  for  2  wraps  of  cable  on  drum. 
z  =  2.0,  local  strain  in  starting  a  car,  or  12  tons  by  333  pounds  per  ton. 
And  we  have 

Pi  =  81.2  L. 
_  2.5432  (K^  p)L^  +  104.4  {K^  p)  L. 
2  -  I  _  0.03132  {Kr,  p)  L 

where  L  is  taken  in  units  of  1,000  feet,  and  in  this  equation  values 
will  be  assumed  for  (Kg  p),  covering  about  all  the  possible  range  in  the 
product  of  these  two  quantities  and  for  each  assumed  value  of  {K^  p),  the 
car  pull,  the  cable  pull,  the  total  pull,  and  the  efficiency  will  be  deter- 
mined for  the  different  values  of  length  of  road  up  to  80,000  feet,  or  up  to 
20,000  pounds  pull  (a  little  over  400  horse-power  on  an  8-mile  velocity). 

A  word  first  in  regard  to  the  nature  of  the  product  (-£"2  p).  It  has  been  al- 
ready pointed  out  that  there  is  in  part  some  reciprocal  variations  between 
the  elements,  that  while  an  increase  in  p  would  increase  their  product, 
yet  it  would  not  increase  as  an  exact  multiple,  for  its  increase  would 
involve  a  decrease  in  the  tension  element  of  K^,  the  friction  per  unit 
weight  of  cable,  due  to  tension,  being  less  the  smaller  the  tension  per 
unit  weight,  or  the  greater  the  factor  of  safety.  It  is  hardly  probable 
therefore  that  the  extreme  values  that  will  be  taken  for  this  product  in 
what  follows  are  possible  in  reality.  For  instance,  on  the  McAllister 
road  Kz  =  0.041,  its  factor  of  safety  is  over  10,  though  not  exactly  known 
from  the  data ;  the  extreme  in  this  direction  will  be  taken  as 
{Kz  p)  =  0.04  X  5  =  0.20,  the  other  extreme  will  be  taken  as  0.09  X  8  =  0.72. 
The  values  taken  for  this  product  are 

(i:8)  =  0.20    (1) 
0.30    (2) 
0.40    (3) 
0.48    (4) 
0.56    (5) 
0.72    (6) 
Probably  all  actual  values  would  be  found  between  0.30  and  0.56, 
In  the  place  of  a  tabulation  of  these  values  I  have  substituted  a  dia- 
gram as  best  illustrating  the  nature  of  the  variation,  and  it  must  be 
remembered  that  this  is  all  that  is  here  aimed  at,  for  each  road  would 
have  special  values  of  K^,  <p  and  z,  probably  differing  from  those  here 
assumed. 

On  this  diagram,  length  (L)  is  taken  as  ordinates,  and  pull  (P)  as 
abscissas.  The  car  pull  is  there  plotted  for  different  lengths,  giving  the 
straight  line  marked  Pj.  The  total  pull,  or  Pi  -[-  Pg  is  plotted  for  the 
different  lengths  for  the  six  values  assumed  for  K.^  p,  giving  the  six 
curves  marked  (1) — (6)  with  the  value  of  K2  p,  with  which  each  is  calcu- 
lated.    The  distance  in  the  direction  of   pull  between  the  line  of    car 


154  ASSOCIATION  OF  ENGINEERING  SOCIETIES. 

pull  and  th«  curve  of  total  pull  gives  in  each  case  the  value  of  cable  pull 
for  that  case.  For  the  sake  of  easy  comparison,  a  scale  of  H.  P.  equal 
to  any  given  pull  on  a  cable  moving  at  a  velocity  of  8  miles  per  hour  is 
placed  above  the  scale  of  pull. 

For  efficiency,  its  value,  like  pull,  is  taken  as  abscissae,  to  length  as  or- 
dinates  ;  for  clearness  the  scale  and  lines  of  efficiency  are  drawn  as  broken 

— rr~iT  ^^  determined  for  each  of  the  six  differ- 
ent curves  of  total  pull,  and  its  value  in  each  case  for  different  lengths, 
plotted;  giving  the  six  broken  lines  marked  (1)— (6).  These  lines  corre- 
spond to  the  curves  of  total  pull  marked  with  the  same  number,  and  each 
one  gives  the  variation  of  efficiency  with  length  in  that  case,  while  their 
different  positions  show  the  difference  in  efficiency  and  its  variation  with 
length  resulting  from  different  values  of  Kop.  The  importance  of  this 
element  may  be  now  seen;  for  example,  assuming  as  before  the  probable 
actual  limits  to  this  product  K^p  of  0.30  and  0.56,  these  values,  on  a  road 
designed  for  the  service  here  treated  of,  and  cable  35,000  feet  long,  would 
represent  efficiencies  of  respectively  48^  and  22^  per  cent.,  or  more  than 
double  the  power  to  operate  the  one  than  the  other. 

Before  closing  I  wish  to  point  out  a  method  for  making  all  the  calcula- 
tions needed  in  an  investigation  of  any  special  case,  much  more  simply 
than  the  direct  one  which  has  been  followed  in  this  paper  for  the  sake 
of  its  logical  order.  It  is  seen  that  the  variation  of  efficiency  with  length 
is  in  each  case  on  a  straight  line.  This  might  have  been  easily  deduced 
from  the  general  equation,  which   by  simple  reduction  becomes,  in  its 

most  general  form : 

_  1000  K^  (1  —  0.0261  K.   p  cp  L) 

1000^1 -1-52.2  Za  pz  ^      '' 

K^  being  thus  determined  by  the  traffic  for  which  the  road  is  built,  q) 
by  the  arrangement  of  cable  on  driving  drum,  and  z,  by  the  starting  strain 
of  a  loaded  train,  we  may,  from  the  curvature  and  general  plan  of  the 
road,  assume  moderately  narrow  limits  between  which  the  actual  values 
of  K^  p  would  be  found.  Two  points  in  the  efficiency  line  for  each  of 
these  values  would  then  graphically  determine  two  lines  between  which 
the  actual  efficiency  would  be  found  at  any  length,  and  the  H.  P.  required 
to  operate  any  length  would  lie  between  the  two  values  obtained  by 
dividing  the  H.  P.  corresponding  to  car  pull  there,  by  the  two  limits  of 
efficiency  at  that  length. 

In  default  of  any  personal  knowledge  by  which  we  may  expect  to  fix 
reasonably  close  limits  in  a  given  case  to  this  value  K^  p  ^e  may  proba- 
bly, with  moderate  approximation  for  cables  beyond  20,000  feet  in  length, 
and  for  a  fairly  heavy  traffic  carried  in  trains,  determine  the  efficiency 
by  assuming  an  initial  value  of  75  per  cent,  for  fair  construction,  and 
from  this  initial  value  subtracting  3^  per  cent,  for  every  half  mile  of 
double  track  road,  and  3i  per  cent,  for  every  right  angle  curve  of  the 
double  line,  or  for  every  two  right  angle  curves  of  a  single  line,  curves 
less  than  a  right  angle  being  given  a  value  equal  to  (3^  .  versin  Z )  where 
Z  is  the  total  angle  of  deflection  at  any  curve. 

In  the  above,  the  equivalence  of  a  right  angle  curve  to  a  half-mile  of 
line   comes  to  me  second  hand  from   Mr.  Robt.   Gillam,  former  Chief 
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Engineer  of  the  Kansas  City  Cable  road.  I  do  not  know  on  what  experi- 
mental data  it  rests  ;  the  rest  of  the  statement  depends  on  a  mixture  of 
theory  easily  followed  in  examining  the  general  equation  of  efficiency, 
and  on  assumption  that  K.,  p  —  0.30  is  about  a  correct  mean  value  for 
fair  construction  and  straight  road. 

I  wish  it  to  be  recognized  that  I  make  this  last  statement  in  regard  to 
an  approximate  determination  of  efficiency  with  a  very  mild  emphasis.  I 
have  found  it  convenient  in  my  own  case,  as  giving  a  definiteness  to 
thought  on  the  subject,  and  a  rapid  method  of  at  once  mentally  approx- 
imating the  effect  of  different  locations  of  power  stations,  and  I  there- 
fore simply  give  it  for  what  it  may  prove  itself  to  be  worth. 
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BOSTON  SOCIETY  OF  CIVIL  ENGINEERS. 


February  16,  1887:— A  regular  meeting  of  the  Boston  Society  of  Civil  Engi- 
neers was  held  and  called  to  order  at  7:45  p.  m.,  President  George  L.  Vose  in  the 
chair,  thirty-six  Members  two  visitors  present. 

The  record  of  the  last  meeting  was  read  and  approved. 

Messrs.  E.  H.  Lincoln,  Chas.  Mills  and  J.  E.  Stone  were  elected  Members  of  this 
Society. 

Mr.  C.  H.  Benjamin  was  proposed  for  membership,  recommended  by  M.  M. 
Tidd,  F.  C.  Coffin. 

On  motion,  it  was  voted  :  That  Mr.  Henry  Manley  be  appointed  a  committee  to 
arrange  for  the  annual  dinner,  and  that  the  sum  of  fifty  dollars  be  appropriated 
for  the  general  expenses  of  the  dinner  and  placed  at  the  disposal  of  the  Com- 
mittee. 

On  motion,  it  was  voted  :  That  a  committee  of  three  be  chosen  by  nomination  at 
large  to  prepare  a  list  of  candidates  for  officers  of  the  Society  for  the  year 
1887,  and  that  the  Committee  be  instructed  to  present  three  names  for  each  office. 
The  Committee  as  appointed  consists  of  Fred  Brooks,  W.  E.  McClintock,  D.  Fitz 
Gerald. 

On  motion  of  Mr.  Henry  Manley,  it  was  voted:  That  Article  XV.  of  the  Consti- 
tution be  amended  by  substituting  the  word  thirty  for  the  word  fifty  in  the  second 
line  thereof.    Adopted.    Affirmative,  thirty-one;  negative,  zero. 

Professor  George  L.  Vose  addressed  the  society  on  the  subject  of  Defective  Roofs: 
The  Cause  and  Remedy. 

Attention  was  first  called  to  the  fact  that  one  can  hardly  take  up  a  newspaper 
without  finding  an  account  of  some  roof  which  has  collapsed,  with  more  or  less 
serious  results.  The  cause  of  these  disasters,  accidents  they  were'  not,  was  very 
easily  found  in  the  wilful  or  ignorant  neglect  of  a  very  few  very  simple  niles. 
Many  roofs  were  put  together  in  utter  disregard  of  all  the  laws  of  stability  and 
strength,  by  persons  who  either  did  not  know  or  did  not  care  what  they  were 
doing.  Other  roofs,  though  planned  and  carried  out  under  the  direction  of  men 
who  are  considered  tto  be  good  architects,  were  shown  to  be  defective  both  in 
design  and  in  the  amount  of  material  employed.  Reference  was  made  to  flagrant 
violations  of  the  laws  in  Boston  governing  the  inspection  of  buildings, 
in  which  city  roofs  of  the  most  defective  and  dangerous  character  were 
allowed  to  be  erected  and  used,  even  in  buildings  of  a  public  character,  which 
were  often  filled  with  large  crowds.  Attention  was  called  to  the  fact  that 
many  roofs,  while  good  in  general  design  and  having  ample  material,  were 
yet  entirely  unsafe  on  account  of  bad  details.  The  effect  of  temperature  upon 
roofs  of  wood  and  iron  combined  was  referred  to,  and  examples  shown  where  the 
design  was  such  as  to  bring  large  and  quite  indeterminate  strains  upon  the  mate- 
rial from  this  cause.  Cases  were  cited  showing  the  violent  action  of  wind  and  the 
accumulated  forces  from  wind  and  snow  under  certain  conditions,  and  suggestions 
were  made  as  to  the  proper  method  of  introducing  these  factors  in  computations 
for  roof  trusses.  Illustrations  were  given  of  defective  roofs  of  various  forms, 
some  of  which  had  already  fallen,  while  others  remained  standing  only  under  the 
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most  dangerous  condition.  Roofs  were  referred  to  which  had  been  pronounced 
safe  by  architects  and  inspectors,  where  the  least  possible  allowance  for  wind  and 
snow  would  strain  the  iron  tie-rods  more  than  20,000  pounds  per  square  inch. 
Attention  was  called  to  the  fact  that  in  many  cases  the  iron  rods  put  into  roofs 
were  bought  by  the  carpenter  or  contractor  at  the  hardware  store,  and  were  of  a 
qualitj'  of  which  no  person  had  any  knowledge  whatever.  In  conclusion,  it  was 
recommended  that  in  the  design  of  trussed  roofs  only  such  simple  forms  should  be 
employed  as  could  be  made  a  matter  of  exact  calculation;  that  good  material,  and 
plenty  of  it,  "should  be  put  into  all  roofs;  and  that  especial  care  should  be  taken  in 
the  study  of  the  details,  and  in  seeing  that  the  plan  was  correctly  carried  out,  A 
small  amount  of  technical  knowledge,  faithfully  applied,  it  was  stated,  would  have 
prevented  all  of  the  disasters  of  this  kind  that  have  ever  occurred . 

The  Secretary  presented  for  Mr.  Thomas  Appleton  a  paper  entitled  "  Some 
Notes  on  Municipal  Public  Works."  This  paper  treats  of  the  methods  of  defray- 
ing the  expense  and  assessing  the  cost  of  public  improvements  in  some  cities  in  the 
West. 

lAdjourned.'\  H.  L.  Eaton,  Secretary. 

ANNUAL  MEETING. 

March  16,  1887:— The  Annual  Meeting  of  the  Boston  Society  of  Civil  Engineers 
was  held  at  Young's  Hotel,  Boston,  Wednesday,  March  16,1887,  at  7:30  p.  m., 
Mr.  Thomas  Doane  in  the  chair,  sixty-seven  Members  and  eight  visitors  present. 
The  record  of  the  last  meeting  was  read  and  approved. 

Mr.  C.  H.  Benjamin  was  elected  a  Member  of  this  Society. 

Messrs.  John  C .  Olmstead  and  Simpson  C.  Heald  were  proposed  for  member- 
ship, recommended  respectively  by  A.  H.  French,  E.  W.  Howe;    Henry  Manley 
and  E.  L.  Brown. 

Mr.  Thomas  Doane  presented  and  read  a  memoir  of  Theophilus  E.  Sickles,  an 
Honorary  Member,  and  Mr.  Clarence  W.  Lunt,  an  Active  Member  of  this  Society. 
Mr.  William  Watson  addressed  the  Society,  alluding  to  the  life  and  character  of 
Mr.  Sickles  and  his  great  attainments  in  canal  and  railroad  engineering.  Presi- 
dent Vose  also  referred  to  his  high  standing  as  civil  engineer. 

On  motion  it  was  voted :  That  these  memorials  be  accepted  and  printed  with  the 
Transactions  of  the  Society . 

The  amendment  to  the  Constitution.  Article  XV.,  proposed  in  writing  and 
passed  by  a  vote  of  thirty-one  to  zero,  at  the  last  regular  meeting,  was  adopted  by 
a  vote  of  forty  to  zero. 

The  annual  report  of  the  Government  was  read  by  the  Secretary.  It  was  ordered 
to  be  printed  with  the  Proceedings  of  the  Society. 

The  Treasurer  presented  his  annual  report,  approved  by  the  Auditor.  It  was 
voted  that  the  Treasurer's  report  be  printed  with  the  Proceedings  of  the  Society. 

The  Treasurer  moved  that  the  sum  of  two  hundred  dollars  be  transferred  from 
the  permanent  fund  and  devoted  to  the  current  expenses  of  the  Society.  Mr.  D. 
Fitz  Gerald  moved  to  amend,  that  the  question  be  referred  to  the  next  meeting. 
The  amendment  was  accepted  and  the  motion  as  amended  passed. 

On  motion  of  Mr.  F.  P.  Stearns  it  was  voted  :  That  an  assessment  of  six  dollars 
be  levied  on  resident  Members  of  the  Society. 

The  Committee  on  Weights  and  Measures  presented  its  annual  report. 

On  motion  it  was  voted  :  That  the  reading  of  this  report  be  postponed  until  the 
next  meeting. 

President  Vose,  of  the  Special  Committee  on  Preservation  of  Timber,  presented  a 
verbal  report. 

Mr.  Desmond  Fitz  Gerald  presented  and  read  the  annual  report  of  the  Special 
Committee  on  National  Public  Works. 

Mr.  Dexter  Brackett,  of  the  Special  Committee  on  Excursion,  presented  a  verbal 
report. 
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Mr.  Henry  D.  Woods  presented  and  read  the  annual  report  of  the  Special  Com- 
mittee on  Library.  The  report  of  the  Committee  was  accepted  and  its  recommen- 
dation adopted. 

On  motion  it  was  voted  :  That  the  reports  of  the  special  committees  be  accepted 
and  printed  with  the  Proceedings  of  the  Society. 

The  Committee  appointed  at  the  last  meeting  to  present  a  list  of  candidates  for 
oflBcers  of  the  Society  for  the  ensuing  year  presented  the  following  report : 
For  President— B.  C.  Clarke,  C.  Herschel,  L.  F.  Rice. 
For  Vice-President~.C.  W.  Foisom,  F.  P.  Stearns,  M.  M.  Tidd. 
For  Secretary— E.  P.  Adams,  H.  L.  Eaton,  F.  W.  Hodgdon. 
For  Ireasurei — H.  Bissell,  H.  A.  Carson,  H.  Manley. 
For  Librarian— (jr.  TV.  Blodgett,  A.  E.  Burton,  H.  D.  Woods. 

Respectfully  submitted. 

Fred  Brooks,  j 

W.  E.  McClintock,  '■  Committeee. 

D.  FiTZ  Gerald,        ) 

The  report  of  this  Committee  was  accepted  and  the  Committee  discharged. 
The  Society  then  proceeded  to  ballot  for  officers,  with  the  following  result : 
President,  L.  Fred.  Rice, 

Vice-President,  Fred.  P.  Stearns  (third  ballot). 
Secretary,  Horace  L.  Eaton. 
Treasurer,  Henry  Manley. 
Librarian,  Henry  D.  Woods. 

Mr.  Thomas  Aspinwall  was  elected  Auditor  by  vote. 

On  motion,  it  was  voted  that  the  matter  of  appointing  the  special  committees 
be  referred  to  the  Government,  with  full  powers. 
lAdjourned.'\  H.  L.  Eaton,  Secretary. 


ANNUAL    REPORT     OF     THE     GOVERNMENT     OF     THE    BOSTON    SOCIETY     OF     CIVIL 

ENGINEERS,   MARCH   16,    1887. 

The  past  year  has  been  a  prosperous  one  for  the  Boston  Society  of  Civil  En- 
gineers. Our  membership  has  been  largely  increased,  the  meetings  have  been  well 
attended,  and  numerous  valuable  papers  and  discussions  have  occupied  the  ses- 
sions. A  particularly  important  feature  during  the  past  year  has  been  the  excur- 
sions, which  have  been  made  to  various  pomts  of  engineering  interest.  The  trips 
to  the  Stony  Brook  Dam,  Cambridge  Water- Works,  to  the  Troy  &  Greenfield 
Railroad  and  Hoosac  Tunnel,  to  the  Cohasset  Water- Works  and  to  the  Meiggs 
Elevated  Railroad,  have  been  the  means  not  only  of  social  enjoyment,  but  of  a 
very  profitable  interchange  of  opinion  upon  engineering  matters.  It  is  to  be 
hoped  that  these  excursions  will  continue  to  be  a  prominent  part  of  the  work  of 
the  Society.  A  course  of  four  lectures  on  "  First  Aid  to  the  Injured"  has  been 
given  before  Members  of  the  Society  by  Dr.  Robert  W.  Greenleaf.  These  lectures 
were  given  under  the  direction  of  the  Massachusetts  Emergency  Association,  were 
well  attended  and  have  been  of  great  interest  and  value. 

Our  membership  stands  at  present  as  follows  :  Honorary  Members,  6  ;  Corre- 
sponding Member,  1  ;  Active  Members,  177  ;  total  membership,  184.  When  the 
membership  exceeded  150,  the  Society  became  entitled  to  an  additional  represen- 
tative upon  the  Board  of  Managers  of  the  Association  of  Engineering  Societies, 
and  Prof.  W.  S.  Chaplin  was  elected  as  our  additional  member  of  that  Board. 
During  the  past  year  the  Society  has  lost  by  death  two  of  its  members,  E.  S . 
Chesbrough  and  Prof.  .William  R.  Nichols.  In  the  loss  of  Mr.  Chesbrough 
there  is  broken  another  link  in  the  chain  which  connects  us  with  the  early  civil 
engineering  of  the  country,  and  in  his  death  we  have  lost  not  only  an  engineer 
most  eminent  in  the  profession,  but  a  man,  in  ihe  fullest  sense  of  the  term.  In 
Professor  Nichols  we  have  lost  one  of  the  foremost  men  of  science  in  the  coun- 
try, and  one  who  has  been  especially  serviceable  in  making  pure  science  of  use  to 
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the  engineer .    TVe  may  well  say  in  resrard  to  Professor  Nichols  that  the  better  he 
was  known  the  more  fully  was  he  appreciated. 

The  number  of  Members  admitted  during  the  past  j'ear  has  been  34.  This 
rapid  growth  is  a  favorable  sign,  so  long  as  those  who  are  admitted  are  able  and 
willing  to  take  a  part  in  forwarding  the  objects  of  the  association.  But  it  is 
evident  that  there  must  be  no  relaxation  in  the  care  with  which  applications  for 
membership  are  scrutinized,  or  the  gain  will  be  in  quantity  onlj',  and  not  in 
quality. 

The  average  attendance  at  our  meetings  has  been  during  the  past  year  about  20 
per  cent  of  the  active  membership.  The  whole  number  of  essays  presented  has 
been  19,  or  about  one  paper  for  each  9  Active  Members.  This  does  not  seem  to  be 
a  very  large  number.  If  each  one  of  our  Active  Members  would  present  a  paper 
once  in  five  years  we  should  have  nearly  double  the  number  of  contributions  that 
we  do  at  present.  In  referring  thus  to  the  work  of  the  year,  the  Government  does 
not  mean  to  infer  that  we  are  behind  the  general  run  of  societies  in  this  matter, 
nor  does  it  wish  to  underrate  the  value  of  the  time  spent  in  the  discussions  that 
follow  the  more  formal  papers.  Are  we  then  as  a  society  doing  as  much  as  we 
should  to  collect,  arrange  and  digest  the  results  of  the  current  engineering  practice 

Our  library  is  steadily  increasing,  and  in  the  hands  of  Mr.  H.  D.  Woods  is  being 
so  arranged  as  to  be  easy  of  access.  We  have  now  in  all  nearly  1000  books  and 
pamphlets,  and  among  them  a  large  amount  of  valuable  periodical  engineering 
literature.  The  room,  too,  in  which  the  books  are  now  placed  affords  «n  oppor_ 
tunity  to  members  to  con?ult  them  at  all  times  during  the  day.  The  Government 
would  suggest,  in  this  connection,  the  desirability  of  collecting  photographs  and 
blue  prints  of  engineering  works.  It  would  be  an  easy  thing  for  each  Member  to 
send  a  blue  print  of  any  construction  on  which  he  may  be  engaged  to  the  Society. 
This  in  time  would  result  in  a  large  accumulation  of  valuable  material. 

During  the  past  year  Article  XV.  of  the  Constitution  was  amended,  so  as  to 
increase  the  non-resident  fee  from  three  to  four  dollars  per  annum  ;  and  B^^-Law 
No.  12  was  added,  fixing  the  salary  of  the  Secretary  at  8100  a  year.  This  was 
eminently  proper,  as  the  duties  of  the  Secretary  are  now  very  considerable. 

In  conclusion  the  Government  congratulates  the  Society  upon  its  present  stand- 
ing. A  continuation  of  the  active  interest  which  has  been  shown  by  the  Members 
cannot  fail  to  be  of  value  to  each  and  to  all.  Respectful.y  submitted, 

George  L.  Vose,  President. 
L.  Frederick  Rice,  Vice-President. 
Horace  L.  Eaton,  Secretary. 
Henry  Manley,  Treasurer. 
Henry  D.  Woods,  Librarian. 


ABSTRACT  OP  TREASURER'S  REPORT  FOR  THE   FINANCIAL  YEAR,    1886-87. 

Current  Fund— Receipts. 

Non-resident  dues  for  current  year,  13  Members  at  S3 fSO.OO 

Non-resident  du^s  for  coming  year,  26  IVlembers  at  ai4 104.00 

Assessment  levied  March  17,  18S6.  1 15  Members  at  §6 690.00 

Assessment  of  1885,2  Members  at  S6 •.•  12  00 

Interest,  Proceedings  sold.  Journal  to  New  Members 25.33 

Cash  on  Hand,  March  14,  ib86  89.50 

8959.83 

Receipts—Ptrmanent  Fund. 

Entrance  fees $332.00 

Interest  on  bonds 86  OU 

Cash  on  hand,  March  17,  1886 559.19 

$977.19 
Permanent  Fund— Expenditure. 

Book-cases  SS0.63 


Balance,  cash  on  deposit,  March  10,  1SS7 §896. 56 
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Current  Fund — Expenditures. 

Association  of  Engineering:  Societies  $506.25 

Binding  and  library  supplies 59.72 

Periodicals 36.93 

Printing  notices,  records,  list  of  Members 141.15 

Postage,  stationery,  etc 83.92 

Secretary's  salary 12.50 

Annual  dinner 33..')0 

Janitor 24.00 

$897.97 
Balance,  cash  on  hand  March  10, 1887 61.86 

$959.83 
Schedule  of  the  Property  of  the  Society  in  the  hands  of  the  Treasurer,  March  10,  1887. 

One  Republican  Valley  R  R.  Co.  6  per  cent,  bond $600.00 

Cne  Atchison.  Topeka  &  Santa  Fe  "  plain  5" 1,000.00 

Permanent  fund,  casb 896.56 

Current  fund,  cash 61.86 


$2,558.42 
Less  unpaid  bill 100.00 

$2,458.42 
Schedule  at  last  annual  meeting 2,248.69 

$209.73 
Henry  Manley,  Treasurer. 


REPORT   OF  COMMITTEE    ON  NATIONAL  PUBLIC  WORKS. 

Boston,  March  16,  1887. 
To  the  Boston  Society  of  Civil  Engineers  : 

The  undersigned,  members  of  the  Committee  on  National  Public  Works,  submit 
herewith  their  report  for  the  past  official  year. 

In  April,  1886,  several  matters  relating  to  the  policy,  membership  and  financial 
status  of  the  Council  of  Engineering  Societies  on  National  Public  Works  were 
referred  to  various  sub-committees  to  report. 

The  part  taken  by  the  Boston  Society  on  the  question  of  national  public  works 
has  always  been  somewhat  conservative,  and  as  no  particular  branch  of  the  sub- 
ject was  referred  to  your  Committee,  they  sim.ply  waited  for  further  developments, 
in  the  meantime  endeavoring  to  post  themselves  as  much  as  possible  on  the  ques- 
tions likely  to  arise. 

In  January  last  your  Committee  received  a  letter  from  the  Secretary  of  the 
Council  asking  for  suggestions,  and  in  reply  thereto  your  Committee,  after  full 
conference  on  the  subject,  sent  a  letter  suggesting  that  for  certain  reasons  the  plan 
for  action  already  adopted  be  abandoned  so  far  as  it  involved  the  different  engi- 
neering societies,  and  an  effort  be  made  to  form  an  organization  outside  of  the  so- 
cieties. This  idea  is  now  being  considered  by  the  General  Council,  but  no  definite 
answer  has  yet  been  received  by  your  Committee.  It  is  anticipated,  however,  that 
a  general  call  will  be  .issued  before  the  first  of  April,  and  your  Committee  a  day  or 
two  since  received  the  following  communication. 

The  Executive  Board  of  the  Council  of  Engineering  Societies  ) 
ON  National  Public  Works.  >■ 

Cleveland,  O.,  March  11,  1887.  ) 
Desmond  Fitz  Gerald,  Chairman  Com.  Nat.  Public  Works,  Brooktine,  Mass. 

Dear  Sir  :  Your  favor  of  the  3d  was  handed  me  on  my  return  to  the  ofiice,  and 
in  reply  would  say  that  the  result  of  my  last  correspondence  shows  that  the  various 
sub-committees  appointed  to  gather  and  compile  the  desired  information  are  not 
ready  to  make  their  final  reports.  However,  it  is  expected  to  have  it  prepared 
and  submitted  some  time  early  in  the  summer,  and,  if  possible,  to  complete  the 
final  report  of  the  Ex.  Brd.  for  the  use  of  Congress  some  time  in  October.  Under 
the  circumstances  we  are  asking  the  various  clubs  to  continue  their  committees  at 
least  until  the  next  call  of  the  General  Council.  Will  keep  you  advised  as  to  the 
time.  Very  respectfully, 

John  Eisenmann,  Sec.  and  Treas. 
P.  S. — The  circular  for  a  call  will  probably  be  out  on  or  before  April  1. 

Desmond  Fitz  Gerald,  Chairman. 
Wm.  E.  McClintock. 
Sidney  Smith. 
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REPORT  OF  THE  LIBRARY  COMMITTEE. 

To  the  President  and  Members  of  the  Boston  Society  of  Civil  Eng.: 

The  Committee  appointed  last  year  to  look  after  the  welfare  of  the  Society's 
library  would  submit  the  following  report  : 

After  considering  different  methods  of  fostering  the  growth  of  the  Society's 
library,  it  was  decided  that  each  Member  should  look  out  for  such  documents  and 
literature,  suited  to  the  object  of  the  library,  in  some  particular  branch,  so  as  not 
to  conflict  with  each  other.  Suitable  blank  forms  were  printed,  to  be  filled  out 
with  the  name  of  the  special  docmnent  required,  and  these  are  sent  in  the  name  of 
the  Society  to  "parties  who  are  supposed  k)  have  books  or  reports  which  are  desir- 
able. In  this  way  some  200  books  or  papers  have  been  added  to  the  shelves,  com- 
prising Municipal,  State,  and  General  Government  Reports,  Specifications,  De- 
scriptions of  Works,  Tests,  etc. ;  Society  Publications,  etc.  Whenever  a  Member 
sees  or  hears  of  a  desirable  report  of  a  certain  class  he  sends  a  request  for  it,  and, 
as  a  rule,  they  have  been  promptly  filled . 

The  library  also  receives  regularly  all  the  publications  of  the  U.  S.  Coast  Survey 
Geological  Survey,  Smithsonian  Institute  ;  Chief  of  Engineer's  Rep.,  the  proceed- 
ings and  transactions  of  some  12  or  14  engineering  societies,  including  the  Institute 
of  C.  E.  of  Great  Britain  and  the  Liverpool  Engineering  Society.  Arrangements 
have  just  been  made  for  an  exchange  of  publications  with  the  French  Society  of 
C.  E.  The  reports  of  the  State  Board  of  Health  vf  Illinois,  New  York,  and  Rhode 
Island  have  also  been  obtained  recently.  The  Society  also  takes  5  weekly  journals 
*nd  2  monthly  periodicals! 

In  this  way  some  300  numbers  have  been  added  to  the  accession  book  this  last 
year,  making  a  total  of  some  1000  numbers  :  of  these  260  volumes  of  boimd  peri- 
odicals, 180  bound  books  and  reports,  and  some  560  papers,  specifications,  etc. 

During  the  past  year  a  full  list  of  the  publications  on  the  shelves  have  been 
regularly  entered  in  a  permanent  accession  book,  which  gives  full  record  of  each 
book,  and  being  boimd  in  permanent  form  can  be  filed  away  when  fijlled,  and  a 
second,  third,  etc.,  volume  of  the  same  kind  can  be  procured. 

An  alphabetical  list  by  authors  has  been  made  out  on  separate  sheets,  with  loose 
binder,  so  as  to  be  easily  added  to. 

Some  800  cards  have  been  prepared  for  a  card  catalogue,  covering  about  five- 
sixths  of  the  publications.  They  have  been  arranged  in  dictionary  form  for  the 
present,  as  being  more  easily  understood. 

As  yet  no  method  of  shelf  numbers  has  been  undertaken,  except  so  far  as  num- 
bering each  shelf  by  itself.  But  the  records  are  kept  in  such  a  way  that  when  a 
system  is  adopted  it  can  quickly  be  inserted. 

The  library  is  accessible  to  members  on  week  days  during  the  usual  business 
hours.  The  keys  are  to  be  f oimd  at  the  oflBce  of  Mr.  Blodgett,  the  electrician  of 
the  B.  &  A.  R.  R. ,  on  the  same  floor  as  the  rooms.  Members  are  simple  requested 
to  lock  the  doors  and  return  the  keys  to  their  place  on  leaving  the  rooms. 

It  may  be  well  at  this  time  to  suggest  that  Members  who  receive  the  Society's 
periodicals  should  arrange  to  send  them  to  the  rooms  at  least  the  day  of  meetings, 
so  that  others  may  have  access  to  the  current  literature  of  the  Society. 

Some  Members  have  suggested  that  if  more  shelf  room  was  obtained  they  would 
like  to  place  some  of  their  books  on  the  Society's  shelves.  Considering  that  the 
Society  has  not  the  exclusive  use  of  the  room  it  occupies,  and  that  the  meetings  of 
the  other  society  are  usually  much  more  attended,  it  does  not  seem  advisable  to 
take  up  any  more  space  for  book  cases.  But  if  Members  will  send  in  their  books, 
many  of  those  now  on  the  shelves  can  be  laid  aside  in  the  old  cases,  as  they  are 
never  consulted,  and  plenty  of  room  can  be  thus  made  for  their  books. 

It  has  been  suggested  that  the  A.  S.  C.  E.  publish  each  month  a  list  of  the  addi- 
tions to  the  library  at  the  end  of  their  monthly  reports.  It  is  recommended  that 
some  such  measure  be  carried  out  here.     A  list  of  the  principal  publications  in  the 
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library  has  been  prepared,  and  may  be  added  to  the  next  printed  list  of  Members 
as  an  appendix. 

Members  who  have  duplicate  reports  and  engineering  documents  are  urged  to 
bring  them  forward,  and  thus  help  increase  the  usefulness  of  ihe  library. 

Respectfully  submitted  for  the  Committee,  H.  D.  Woods,  Chairman, 


ANNUAL  DINNER. 

The  fifth  annual  dinner  of  ihe  Boston  Society  of  Civil  Engineers  was  held  at 
Young's  Hotel,  Boston,  at  6.30  p.  M.  Professor  George  L.  Vose  presided,  with 
73  Members  and  12  visitors  present.  There  were  present  as  guests  of  the 
Society  W.  P.  Shinn,  Vice-President  of  the  N.  Y.  &  N.  E.  Railroad  ;  Samuel  M. 
Gray,  City  Engineer,  Providence,  R.  I. ;  Dr.  Robert  W.  Greenleaf,  of  Boston. 

After  the  dinner  had  been  attended  to  Professor  Vose  read  letters  of  regret  from 
J.  P.  Davis,  Major  G.  A.  Gillespie,  Samuel  Nott  and  A.  A.  Folsom,  and  intro- 
duced Mr.  W.  P.  Shinn,  Vice-President  of  the  New  York  &  New  England  Rail 
road,  who  discussed  the  Inter-State  Commerce  bill. 

The  speaker  referred  to  the  wide  interpretation  which  might  be  given  the  bill, 
and  stated  the  object  or  purpose  of  the  law  to  be  to  prevent  unjust  discrimination. 
Many  complaints  of  unjust  discrimination  have  been  made,  which  on  investigation 
have  proved  to  have  originated  with  newspapers.  The  answer  to  the  question, 
What  is  the  object  or  purpose  of  the  law  ?  was  decided  to  be  outside  the  domain  of 
science.  Allusion  was  made  to  the  several  sections  relating  to  just  and  reasonable 
rates,  consequential  damages,  discriminations  by  railroads  in  favor  or  against  per- 
sons or  localities,  the  long  and  short  haul  clause,  the  publication  of  rates,  the  en- 
forcement of  the  law.  The  effect  of  the  law  will  be  to  raise  rates,  increase  com- 
petition, curtail  privileges  now  enjoyed  by  merchants  and  shippers,  abolish  free 
passes  except  to  employes,  forbid  pooling.  In  the  opinion  of  the  speaker  nothing 
has  been  accomplished  in  the  last  twenty-five  years  in  railway  management  which 
has  done  so  much  good  as  pooling.  It  is  better  to  have  rates  reasonable  than  low 
A  railroad  cannot  be  expected  to  carry  freight  at  a  loss.  Young  engineers  were 
advised  not  to  guess,  nor  to  express  an  opinion  not  based  on  information. 

Mr.  Samuel  W.  Gray  responded  to  the  call  for  the  City  Engineer  of  Providence, 
and  expressed  his  satisfaction  in  being  able  to  attend  the  annual  dinner  as  a  guest 
of  the  Society. 

Mr.  E.  D.  Leavitt,  Jr.,  referred  to  the  relation  between  mechanical  and  civil 
engineers.  All  professions  are  being  divided  into  specialties.  This  fact  suggests 
that  we  should  endeavor  to  find  that  detail  of  the  profession  to  which  we  are  best 
adapted,  stick  to  that,  and  call  on  specialists  outside  of  our  branch  when  needed, 

Mr.  Clemens  Herschel  referred  to  the  opposite  side  of  the  Inter-State  Commerce 
bill.  The  long  and  short-haul  law  has  been  established  many  years  in  Massachu- 
setts and  has  worke(i  well.     The  rate  per  mile  has  nothing  to  do  with  the  case. 

Mr.  E.  C.  Clarke  referred  to  the  fact  that  so  many  engineers  are  leaving  the 
profession  and  taking  leading  positions  outside  of  the  profession,  and  command 
higher  salaries.  He  differed  from  the  speaker  who  advised  engineers  not  to 
guess,  being  of  the  opinion  that  estimating  is  somewhat  close  to  guessing,  espe- 
cially in  estimating  for  public  works,  as  regards  labor  and  materials,  population, 
water  supply,  and  sewage.    The  speaker  advised  guessing  as  little  as  possible. 

Dr.  Robert  W.  Greenleaf  gave  a  concise  history  of  the  work  of  the  Emergency 
Association  in  Boston. 

Mr.  Desmond  Fitz  Gerald  referred  to  the  early  history  of  the  Society,  the  growth 
of  the  profession  in  the  past  and  in  the  quality  of  work,  the  improvement  in  the 
quality  of  engineering  papers,  the  advantage  of  mutually  uiDholding  one  another. 
The  advance  which  engineers  gain  in  taking  positions  outside  the  profession  is 
broadening  it,  and  will  be  a  gain  in  the  end. 

Mr.  M.  M.  Tidd  referred  to  earlier  engineering  work,   particularly  the  Middle- 
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sex  Canal,  the  change  from  transportation  by  canal  to  that  by  railroads,  and  the 
possible  improvements  to  be  made  in  the  motive  power  to  be  used  in  pi'opelling 
trains  in  the  future. 

Mr.  F,  P.  Stearns  defined  the  work  of  the  Massachusetts  State  Board  of  Health. 

Mr.  W.  E.  McClintock  described  a  system  of  small  pipe  sewers  as  planned  for 
the  city  of  Chelsea.  The  owners  of  certain  patents  claim  the  use  of  pipe  sewers  as 
planned  in  the  system  described  to  be  in  violation  of  their  patents.  The  case  of 
these  patentees  against  the  city  of  Chelsea  is  now  being  tried .  The  speaker  de" 
scribed  some  experiments  made  to  obtain  the  velocities  and  direction  of  air  cur- 
rents in  certain  sewers,  the  effect  on  house  drains  of  flushing  in  sewers  ;  the  direc- 
tion of  air  currents  in  sewers  was  stated  to  be  in  an  opposite  direction  to  the 
current.     These  pipe  sewers  have  remained  clean  after  four  years  use. 

Mr.  Henry  Manley  alluded  to  the  benefits  derived  from  membership  In  the 
Society,  and  the  pleasant  excursions  made  during  the  past  season.  The  younger 
Members  were  urged  to  present  to  the  Society  some  account  of  their  work. 

H.  L.  Eaton,  Secretary. 


ENGINEERS'  CLUB  OF  ST.  LOUIS. 


January  5,  1887  : — Club  met  at  8:15  p.  m.,  at  Mercantile  Library,  Vice-Presi- 
dent Holman  in  the  chair,  fifteen  Members  and  two  visitors  present. 

The  minutes  of  the  meetings  of  December  15th  and  December  21st  were  read 
and  approved. 

The  Executiv^e  Committee  reported  the  doings  of  its  meeting  of  December  21st, 
announcing  the  resignation  of  P.  W.  Schaumleffel,  and  recommending  the  rein- 
statement of  Wm.  T.  Angell  on  the  rolls  of  the  Club. 

The  Club  then  voted  to  reinstate  Mr.  Angell. 

The  Committee  on  Relations  with  the  Mercantile  Library  was  continued. 

The  Committee  on  Resolutions  on  the  death  of  Col.  C.  Shaler  Smith  made  a 
report  in  the  shape  of  a  short  memoir,  as  follows  : 

By  the  death  of  C.  Shaler  Smith,  the  Engineers'  Club  of  St.  Louis  loses  a  valu- 
able member  ;  the  profession  of  engineering  one  who  had  attained  the  foremost 
rank  and  who  still  gave  promise  of  great  things  ;  the  material  interests  of  the 
country,  and  we  may  say  of  the  continent,  one  who  did  much  to  overcome  natural 
barriers  to  commerce  and  render  intercourse  and  exchange  easy  ;  a  large  circle 
of  personal  friends  a  genial  companion,  pure  in  thought,  word  and  life,  and  his 
family  a  husband,  father  and  brother,  who  tenderly  loved  and  diligently  cared  for 
his  own. 

It  is  therefore  appropriate  that  we,  as  a  Club,  should  express  our  appreciation 
of  the  man  and  engineer  who  lived  and  wrought  in  our  midst,  our  sorrow  that  he 
no  longer  may  move  among  us,  and  our  sympathy  with  his  afflicted  family. 

While  we  as  a  Club  mourn  the  loss  of  our  associate,  we  point  to  his  works  and 
say,  well  done  ;  to  his  influence,  and  say,  it  shall  live  ;  for  his  works  stand  and 
perpetuate  the  name  of  their  designer  and  builder,  and  among  his  best  works  we 
place  the  men  he  has  trained  and  fitted  to  continue  what  he  so  well  began .  Hence 
in  no  strained  sense,  C.  Shaler  Smith,  the  ideal  engineer,  still  lives. 

On  motion,  the  report  was  adopted  as  expressing  the  sentiment  of  the  Club,  and 
it  was  ordered  that  an  engrossed  copy  be  prepared  and  forwarded  to  the  family. 

The  Secretary  read  a  letter  expressing  the  tlianks  of  Col.  Smith's  family  for  the 
tribute  of  sympathy  and  respect  tendered  by  the  Club. 

Prof.  Johnson  stated  for  Prof.  Pritchett  that  the  latter  was  unable  to  be  present, 
and,  as  a  change  of  meeting  place  was  to  be  made,  suggested  Washington  Univer- 
sity, adding  that  his  paper  on  "  Results  of  Mexican  Longitude  Determinations" 
could  be  presented  thereto  better  advantage,  and  would  be  ready  for  the  next 
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meeting.  On  motion,  the  Club  voted  that  when  it  adjourns  it  adjourn  to  meet  in 
two  weeks  in  the  directors'  room  at  Washington  University. 

The  special  order  of  the  day,  a  paper  by  T.  T.  Johnston,  on  "  The  Great 
Water- Way  to  connect  Lake  Michigan  with  the  Mississippi  River,  and  its  influence 
on  floods  in  the  Illinois  River,"  was  then  read  by  the  Secretary.  It  was  discussed 
by  Messrs.  R.  E.  McMath,  J.  A.  Seddon,  Holman  and  Ockerson. 

[Adjoumed.l  Wm.  H.  Bryan,  Secretary. 


January  19,  1887:— The  Club  met  at  Washington  University  at  8:10  p.  m.. 
President  Potter  in  the  chair  and  twenty-six  Members  and  six  visitors  present. 
The  minutes  of  meeting  of  January  5  were  read  and  approved.  The  Executive 
Committee  reported  the  doings  of  its  meeting  on  January  17.  The  following  ap- 
plications for  membership  were  announced  and  referred  to  the  Executive  Com- 
mittee :  Arthur  J.  Frith,  indorsed  by  J.  A.  Seddon  and  F.  E.  Nipher  ;  Chas.  H. 
Ledlie,  indorsed  by  F.  H.  Pond  and  T.  J.  Whitman  ;  Edward  K.  Woodward,  in- 
dorsed by  W.  H.  Bryan  and  C.  W.  Melcher. 

Robert  Moore,  Chairman  of  the  Committee  on  Relations  with  the  Mercantile 
Library  Association,  reported  having  addressed  a  letter  representing  the  views  of 
the  Committee  to  the  Board  of  Directors.  The  letter  had  not  yet  been  acted  upon, 
but  a  reply  was  expected  in  time  to  report  at  the  next  meeting.  The  Committee 
was  continued. 

The  Secretary  reported  having  prepared  an  engrossed  copy  of  the  memoir  on 
C.  Shaler  Smith  as  directed  at  the  last  meeting. 

The  special  order  of  the  day,  a  paper  by  H.  S.  Pritchett  on  "  Mexican  Longi- 
tude Determinations,"  was  then  taken  up.  The  Club  then  ad  jom-ned  to  a  room  on 
the  second  floor  specially  prepared  for  the  occasion.  By  the  aid  of  the  magic 
lantern  the  paper  was  fully  illustrated.  A  complete  description  of  the  apparatus 
used,  the  method  of  making  the  observations  and  of  computmg  the  results  were 
explained  and  the  results  were  compared  with  those  previously  obtained  with 
other  methods.  The  professor  showed  a  number  of  views  of  Mexican  scenery  and 
Ijoints  of  interest,  with  some  remarks  on  peculiar  features  of  the  country  and  the 
characteristics  of  itspeople.  The  address  was  of  decided  interest.  After  answer- 
ing some  questions  an  invitation  was  extended  to  visit  the  time  department  of 
the  Washington  University,  and  the  meeting  adjourned. 

Wm.  H.  Bryan,  Secretary. 


February  8,  1887  :— Club  met  at  8:15  p.  m.  at  Washington  Univer^ty,  Vice- 
President  Holman  in  the  chair;  twenty-three  Members  and  seven  visitors  present. 
The  minutes  of  the  meeting  of  January  19  were  read  and  approved.  The  Execu- 
tive Committee  reported  the  proceedings  of  its  meeting  of  February  2,  recom- 
mending Arthur  J.  Frith,  Charles  H.  Ledlie  and  Edward  K.  Woodward  for  elec- 
tion to  membership.  .  On  being  balloted  for  they  were  elected  members.  The  fol- 
lowing applications  for  membership  were  anncimced  and  referred  to  the  Execu- 
tive Committee :  Horace  B.  Gale,  indorsed  by  William  B.  Potter  and  J.  B.  John- 
son ;  Otto  Schmitz,  indorsed  by  William  Bouton  and  C.  H.  Sharman  ;  Arthur 
Thacher,  indorsed  by  William  B.  Potter  and  H.  A.  Wheeler.  The  resignation  of 
R.  S.  Hays,  on  account  of  removal  from  the  city,  was  read. 

Mr.  J.  A.  Seddon  then  read  a  paper  on  "Efiiciency  of  Cable  Roads;  its  Varia- 
tion with  Length  of  Cable  and  other  Elements  of  the  Construction."  Mr.  Seddon 
called  attention  to  the  lack  of  reliable  data  on  the  subject,  and  the  difficulty  of 
ascertaining  results  reached  by  roads  now  in  operati'^n.  The  paper  gave  a  thor- 
ough analytical  and  practical  discussion  of  the  subject,  and  was  of  decided  value. 
Mr.  Seddon  gave  some  results  of  recent  tests  on  the  St.  Louis  cable  road,  but 
stated  that  the  trials  were  not  yet  complete.  The  paper  was  discussed  by  Messrs. 
Johnson,  Nipher,  Adams,   Bruner  and  Bryan.    The  hour  being  late.  Dr.  Adams' 
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paper  on  "  Dynamo-Electric  Machinery  "  was  made  the  special  order  for  the  next 
meeting,  February  16.    Professor  Nipher  exhibited  a  piece  of  apparatus  he  had 
devised,  for  determining  losses  in  the  magnetic  fields  of  dynamos. 
lAdjoumed.l  Wm.  H.  Bryan,  Secretary. 


February  16,  1887  :— Club  met  at  8:15  p.m.  atWashington  University,  Presi- 
dent Potter  in  the  chair;  eighteen  Members  and  three  visitors  present.  The  min- 
utes of  the  last  meeting  were  read  and  approved.  The  Executive  Committee  re- 
ported the  doings  of  its  meeting  of  same  date,  recommending  H .  B.  Gale,  Otto 
Schmitz  and  Arthur  Thacher  for  election  to  membership.  They  were  balloted  for 
and  elected . 

The  following  applications  for  membership  were  announced  and  referred  to  the 
Executive  Committee  :  Alex.  E.  Abend,  indorsed  by  W.  H.  Bryan  and  F.  E. 
Nipher ;  Chas.  F.  Muller,  indorsed  by  M.  L.  Holman  and  Henry  Flad ;  Max  G. 
Schmke,  indorsed  by  M.  L.  Holman  and  Henry  Flad ;  Lewis  Stockett,  indorsed 
by  W.  B.  Potter  and  H.  A.  Wheeler. 

The  Secretary  read  a  letter  from  Mary  G.  Smith  acknowle  Iging  receipt  of  the 
Club's  testimonial  to  the  late  C.  Shaler  Smith. 

The  Secretary  also  read  a  communication  from  Jno.  W.  Weston,  Commissioner- 
General  for  the  United  States  for  the  Paris  Railway  Exposition  and  Jubilee,  on 
the  desirability  of  the  Club  being  represented  in  some  way.  The  matter  was 
referred  to  the  Executive  Committee. 

Dr.  Wellington  Adams  then  read  a  paper  on  "  The  Design  and  Construction  of 
Dynamo-Electric  Machinery,"  which  was  illustrated  by  diagrams  and  electrical 
apparatus.  The  subject  was  handled  in  a  thorough  manner,  and  a  number  of 
formulae  were  given  showing  how  the  efficiency  of  any  dynamo  could  be  cal- 
culated. It  was  shown  that  these  formulae  held  the  same  relation  to  the  dynamo 
machine  that  the  indicator  card  does  to  the  steam  engine.  The  paper  was  dis- 
cussed by  Messrs.  Gale,  Nipher  and  Seddon. 

The  President  announced  the  subject  for  the  paper  for  the  next  meeting  to  be 
the  ''Present  Aspects  of  the  Problem  of  the  Inter-Oceanic  Ship  Transfer,"  by 
Robert  Moore. 

[Adjourned.']  Wm.  H.  Bryan,  Secretary. 


WESTERN  SOCIETY  OF  ENGINEERS. 


January  4,  1887  :— The  ,'e32d  meeting  was  held  at  7:30  p.  m.,  Professor 
Cooley  in  the  chair. 

The  minutes  of  the  preceding  meeting  were  read  and  approved. 

Application  for  membership  was  received  from  Mr.  Fred.  Giddings,  City  and 
County  Engineer,  Atchison,  Kas. 

The  following  gentlemen  were  elected  Members:  Mr.  Peter  Heer,  Manufact- 
urer of  Surveying  Instruments,  etc.,  194  E.  Madison  street,  Chicago. 

Thomas  T.  Johnston,  Assistant  Engineer  Chicago  Drainage  and  Water  Supply 
Commission,  City  Hall,  Chicago. 

Mr.  Richard  Price  Morgan,  Jr.,  Civil  Engineer,  Dwight,  111. 

Mr.  Jason  H.  Shepard,  Contractor,  2,449  Indiana  avenue,  Chicago. 

The  Secretary  presented  a  photograph  likeness  received  from  Mr.  Seth  Dean, 
of  Glen  wood,  Iowa. 

In  the  absence  of  President  Wright,  the  Secretary  read  the  annual  address  of 
the  President. 

Mr .  Benezette  Williams,  Manager  for  the  Society  in  the  Association  of  Engi- 
neering Societies,  stated  that  the  Society  was  now  entitled  to  two  representatives 

tnf  Board  of  Managers,  and  tendered  his  resignation  as  Manager. 
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It  was  voted  that  the  President  appoint  two  Managers  for  the  Society, 
Mr.  Williams  presented  a  bill  for  the  second  installment  of  assessment  of  August 
23,  1886,  for  expenses  of  the  Journal,  dated  December  28,  1886,  and  amounting 
to  $173,  which  was  ordered  to  be  paid. 

Mr.  Williams,  as  Chairman  of  the  preceding  meeting,  announced  the  Committee 
on  Letter  from  Professor  Baker  as  I,  O.  Baker,  L.  P.  Morehouse  and  Z.  A.  Enos 
OflScers  for  the  year  1887  were  elected  as  follows  : 
President,  S.  G.  Artingstall. 
First  Vice-President,  L.  E.  Cooley. 
Second  Vice-President,  I.  O.  Baker. 
Secretary,  L.  P.  Morehouse. 
Treasurer,  A.  V.  Powell. 
Librarian,  G.  A.  M,  Liljencrantz. 
Trustee  (for  3  years),  H.  A.  Rust. 
It  was  voted  that  a  Committee,  to  consist  of  the  President  elect  and  two  others 
appointed  by  the  President,   be  appointed  to  report  on  the  question  of  leasing 
rooms  at  the  expiration  of  the  present  lease. 

A  paper  by  Mr.  Barnabas  Schreiuer  was  read  and  discussed,  "  Views  on  Grades 
and  Grade  Systems  for  Cities." 
iAdjourned.']  L.  P.  Morehouse,  Secretary. 


February  1,  1887  :— The  233d  meeting  was  held  at  7:30  p.  m. 

Prof.  L.  E.  Cooley  was  appointed  Secretary  2)ro  tern. 

The  minutes  of  the  preceding  meeting  were  read  and  approved. 

Applications  for  membership  were  received  from  : 

Charles  C.  Breed,  Resident  Engineer,  Maysville  &  Big  Sandy  R.  R. ,  Louisville, 
Jefferson  County,  Ky. 

Simeon  C.  Colton,  Engineer  for  Fitz  Simons  &  Connell,  217  East  Ohio  street, 
Chicago. 

Daniel  W.  Mead,  City  Engineer,  Rockford,  111. 

Hubert  A.  Stevens,  Assistant  Engineer  North  Chicago  Cable  R.  R.,  145  Loomis 
street,  Chicago. 

William  J .  Yoder,  Resident  Engineer,  Chicago,  Madison  &  Northern  R.  R., 
Wayne,  Du  Page  Co.,  111. 

Mr.  Albert  F.  Robinson  was  transferred  from  grade  of  Junior  to  that  of 
Member. 

Mr.  Fred  Giddings,  City  and  County  Engineer,  Atchison,  Kan. ,  was  elected  a 
Member. 

The  annual  report  of  the  Secretary  was  read  by  the  Secretary  pro  tern. 

ANNUA-L  report    OF  SECRETARY  FOR  YEAR   1886. 

During  the  past  year  meetings  have  been  held  on  the  first  Tuesday  of  each  month 
at  half-past  seven  in  the  evening,  the  attendance  being  considerably  larger  than 
heretofore,  when  two  meetings  were  held  each  month,  at  four  o'clock.  Sixteen 
written  papers  have  been  presented  and  discussed.  Seventy  new  members  have 
been  added  to  the  Society.  Two  of  the  original  members  have  died  :  Edward  B. 
Talcott  and  Ellis  S.  Chesbrough. 

For  the  coming  year  it  would  seem  that  special  effort  should  be  made  to  increase 
the  membership.  It  must  be  borne  in  mind  that  the  present  annual  dues  of  five 
(or  six)  dollars  per  member  will  not  afford  sufficient  revenue  for  a  proper  expendi- 
ture until  the  Society  has  at  least  three  hundred  memberg.  The  membership  list 
recently  published  shows  less  than  two  hundred  names. 

The  address  of  President  Wright,  presented  at  the  last  meeting,  refers  to  the 
general  condition  of  the  Society  in  such  a  manner  as  to  make  it  unnecessary  here 
to  speak  further  on  that  matter. 
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The  financial  statement  is  as  follows  : 

Total  receipts  for  year  1886 $934.50 

Total  expenses  908. 13 

Balance  for  year  1886 $26.37 

On  hand  Jan.  1, 1886  .   43.68 


Cash  in  hands  of  Treasurer,  Jan.  1, 1887 $70.05 

Summai-y. 

Rece'pts  from  dues $934.50 

Expenses .  —Rent ...  $180.00 

Library 113.05 

Printing 100.08 

Postage,  stationery,  etc '       68.75 

Portrait  of  President  Wright 40.00 

Committee  on  National  Public  Works 30.00 

Journal  of  the  Association  of  Engineering  Societies 376.25 

908  13 

The  receipts  for  1885  were 869.80 

The  expenses  werr  838.96 

The  expenses  for  1884  were 1,568  35 

L.  P.  Morehouse,  Secretary. 

The  Committee  on  Letter  of  Prof.  Baker  made  the  f ollcwing  report,  which  was 
accepted  and  adopted  : 

Your  Committee  believe  that  the  appointment  of  an  engineer  to  have  charge  of 
the  public  highways  of  the  counties  and  towns  in  this  State  would  be  in  the  public 
interest,  but  consider  that  it  woidd  be  unwise  at  this  time  for  this  Society  to  ask 
for  legislation  to  this  effect. 

The  President  announced  appointments  as  follows  : 

Managers  in  Association  of  Engineering  Societies — Benezette  Williams,  Lyman 
E.  Cooley. 

Committee  on  Rooms — Isham  Randolph,  C.  E.  Billin,  C.  L.  Strobel. 

A  communication  from  Mr.  S,  A.  Bullard  was  read,  enclosing  copy  of  a  bill 
Introduced  in  the  Illinois  State  Senate,  for  "  An  act  to  provide  for  the  examination 
and  appointment  of  licensed  surveyors." 

The  communication  and  bill  were  referred  to  a  committee  consisting  of  Messrs. 
Bullard,  Enos  and  Baker. 

The  Secretary  read  a  synopsis  of  a  paper  by  Prof.  Baker,  "  Formulas  for  Bear- 
ing Power  of  Piles."  The  writer  asks  for  discussion  after  the  full  paper  shall  have 
been  printed. 

[Adjourned.'] 
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November  9,  1886  :— Regular  meeting  held,  President  Latimer  in  the  chair. 
The  Recording  Secretary  being  absent,  the  reading  of  the  minutes  of  the  last 
meeting  was  dispensed  with.     Mr.  C.  O.  Palmer  was  elected  Secretary  jp?'o  tern. 

Mr.  H.  F.  Dunham  read  a  paper  on  the  Water- Works  of  Menominee,  Mich.  A 
general  discussion  of  the  paper  followed. 

Mr.  J.  F.  Halloway,  Chairman  of  the  Committee  appointed  at  the  last  meeting 
to  prepare  resolutions  relative  to  the  death  of  Col.  Charles  Whittlesey,  presented 
the  following  : 

Resolved,  That  in  the  death  of  Col.  Charles  Whittlesey,  the  Civil  Engineers 
Club  has  lost  an  honorary  and  honored  Member,  whose  contributions  to  the  world 
of  science  have  been  both  numerous  and  valuable. 

That,  while  impaired  health  prevented  him  from  meeting  with  us  and  forming 
acquaintances  which  would  have  been  mutually  agreeable,  his  written  commimi- 
cations  to  the  Club  give  evidence  of  his  interest  in  its  advancement  and  success. 

Resolved,  That  we  tender  to  his  family  and  friends  our  sympathy  in  this  their 
loss,  and  that  if  procurable  his  portrait  be  hung  on  our  walls. 
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Mr.  Halloway  followed  with  a  short  biographical  sketch  of  Colonel  Whittlesey, 
in  which  he  spoke  of  his  having  graduated  from  West  Point ;  of  his  military  ser- 
vices, his  geological  works,  his  engineering  enterprises,  and  of  his  work  in  estab- 
lishing the  Western  Reserve  Historical  Society  of  this  ciiy.  Messrs.  Latimer  and 
Sear les  also  spoke  of  the  high  character  and  standing  of  Colonel  Whittlesey. 

The  resolutions  were  unanimously  adopted. 

[Adjourned.'\  C.  O.  Palmer,  Secretary  p?o  tern. 


November  23,  1886  : — Special  meeting  held,  President  Latimer  in  the  chair.  The 
resignation  of  Mr.  Theodore  Rosenberg  as  Chairman  of  the  Committee  on  Archi- 
tecture was  received.  President  Latimer  stated  that  Mr.  Rosenberg  had  been 
called  to  a  new  field  of  labor  at  Colorado  Springs,  Col. ,  and  paid  a  just  tribute  to 
his  industry  and  helpfulness  in  connection  with  the  Club. 

The  President  requested  the  Committee  to  select  a  new  chairman  as  soon  as 
possible. 

Mr.  J.  L.  Gobielle,  Chairman  of  the  Committee  on  Mechanical  Engineering, 
read  his  report,  showing  the  progress  being  made  in  that  branch  of  engineering. 
The  report  brought  out  a  very  general  discussion.  Mr.  Gobielle  exhibited  speci- 
mens of  mitis,  pure  aluminum,  and  several  of  its  alloys. 

Mr.  Rawson  called  the  attention  of  the  Club  to  a  new  book  just  published,  "  The 
Mechanics  of  the  Girder,"  the  last  work  of  our  respected  and  deceased  member, 
Mr.  J.  D.  Crehore. 

[Adjourned.'\  C.  M.  Barber,  Rec.  Secretary. 

December  14,  1886  : — Regular  meeting  held,  President  Latimer  in  the  chair. 
The  minutes  of  the  four  previous  meetings  were  read  and  approved. 

Mr.  Sear  les  suggested  that  blank  applications  for  membership  be  sent  to  each 
member,  requesting  them  to  present  the  blanks  to  their  friends,  hoping  thereby  to 
increase  the  membership  of  the  Club. 

The  President  appointed  Mr.  John  Eisenman  Chairman  of  the  Committee  on 
Architecture,  vice  Theo.  Rosenberg,  resigned. 

Mr.  Latimer  stated  that  he  had  received  a  circular  from  the  American  Society 
of  Civil  Engineers  in  regard  to  a  proposed  union  of  all  the  engineering  societies  of 
the  country,  and  asked  if  any  previous  communication  had  been  received  by  the 
Society,  and  was  informed  that  no  such  circular  had  been  received. 

Mr.  L.  Herman  read  a  paper  on  the  Erection  of  Spiral  Stairways,  in  connection 
with  stand-pipes,  and  also  on  the  taking  down  of  an  electric  mast.  A  discussion  of 
the  paper  followed. 

[Adjourned.^  C.  M.  Barber,  Recording  Secretary. 


December  28,  1886  : — Special  meeting  held.  President  Latimer  in  the  chair. 
The  reading  of  the  minutes  of  the  last  meeting  was  dispensed  with. 

The  report  of  the  Committee  on  Architecture  being  the  order  of  the  evening, 
Mr.  J.  N.  Richardson  read  the  report.  A  general  discussion  of  the  paper  followed. 

[Adjourned.'l  C.  M.  Barber,  Rec.  Secretary. 


January  11,  1887  :— Regular  meeting  held.  President  Latimer  in  the  chair.  In 
the  absence  of  the  Secretary,  Mr.  A.  Mordecai  was  elected  Secretary  pro  tern. 
Messrs.  W.  B.  Pearson  and  Charles  E.  King  were  elected  Active  Members  of  the 
Club.  The  Treasurer  was,  on  motion,  authorized  to  pay  the  Janitor  of  Case  Library 
$10  for  services  rendered  in  the  Club  rooms. 

The  following  resolution  by  Mr.  Hosea  Paul  was  adopted  : 

Resolved,  That  a  special  committee  of  five  members  be  appointed  to  consider 
the  question  of  the  adoption  of  standard  time,  and  report  to  the  Club  what  action, 
in  its  opinion,  is  advisable.  The  following  committee  was  selected  :  Chas.  Latimer, 
Chairman;  Hosea  Paul,  Professor  Morley,  J.  F.  Halloway  and  W.  H.  Searles. 
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Mr.  N.  B.  Wood  presented  a  paper  on  natural  gas,  which  was  very  generally 
discussed  by  the  members. 
[Adjoumed.l  A.  Mordecai,  Secretary  pro  fern. 


ENGINEERS'  CLUB  OF  MINNESOTA. 


Minneapolis,  Minn.,  January  14,  1887  :— Regular  and  annual  meeting  of  the 
Engineers'  Club  at  City  Hall.  Mr.  Jno.  H.  Barr,  G.  W.  Sublette,  Wm.  W.  Red- 
field,  M.  J.  Riggs,  Mr.  J.  Hazen,  Geo.  W.  Cooley,  F.  W.  Cappelenand  W.  S.  Par- 
dee were  present.  Mr.  Barr,  President  pro  tem.  M-nutes  of  previous  meeting 
were  read  and  approved.  Mr.  P.  B.  Wmston  was  elected  member  of  Club,  and  the 
name  of  F.  C.  Deterly  was  proposed  for  membership,  certified  to  by  Geo.  W.  Sub- 
lette and  W.  W.  Redfield. 

Annual  report  of  Secretary  on  financial  condition  of  Club  was  read,  and  auditor 
W.  W.  Redfield  was  appointed  to  audit  the  report. 

On  motion  Club  proceeded  to  the  election  of  oflScers  : 

Mr.  G.  W.  Sublette,  President. 

Mr.  Jno.  H.  Barr,  Vice-President. 

Mr.  W.  S.  Pardee,  Secretary  and  Treasurer. 

Mr.  Geo.  W.  Cooley,  Member  Board  of  Managers  Associated  Engineering  Soci- 
eties. 

Discussion:  Heating  and  Lighting  of  Railroad  Cars. 

lAdJourned.'\  Walter  S.  Pardee,  Secretary. 

February  11,  1887:-  Regular  meeting  at  City  Hall,  President  George  W.  Sub- 
lette in  the  chair.  Members  present,  Wm.  W.  Redfield,  J.  H.  Barr,  M.  J.  Riggs, 
Geo.  W.  Sturtevant,  Wm.  R.  Hoag  and  Walter  S.  Pardee. 

Minutes  of  previous  meeting  were  read  and  approved.  Mr.  F.  C.  Deterly  was 
duly  elected  a  member  of  the  Club.  The  names  of  Franklin  Cook,  certified  to  by 
G.  W.  Sublette  and  Walter  S.  Pardee;  Mr.  P.  M.  Dahl,  certified  to  by  Geo.  W. 
Sturtevant  and  G .  W.  Sublette ;  and  Mr.  C.  O.  Huntress,  certified  to  by  G.  W. 
Sublette  and  G.  W.  Sturtevant,  were  proposed  for  membership.  Auditor  Redfield 
certified  to  the  correctness  of  the  Secretary  and  Treasurer's  report  for  1886. 
Report  was  adopted  and  ordered  filed. 

Mr.  President  announced  the  standing  committees  for  the  year: 

On  Library  and  Literature,  Government — Mr.  President,  Vice-President,  Secre- 
tary, Treasurer  and  Librarian . 

Bridges  and  Materials — F.  W.  Cappelen,  M.  J.  Riggs  and  Wm.  R.  Hoag. 

Railroads  and  Transportation — J.  W.  Kendrick,  E.  T.  Abbott  and  M.  D.  Rhame 

Sewers  and  Drainage — F.  W.  Carr,  W.  W.  Redfield. 

Engineering  Jurisprudence — Jno.  Lamb. 

Building  Materials  and  Sanitation— Fred.  Kees,  J.  M.  Hazen,  G.  Sidney  Houston . 

Rivers  and  Canals— D,  P.  Waters,  G.  W.  Sturtevant,  F.  H.  Todd. 

Streets  and  Paving— G.  W.  Cooley,  C.  E.  Sprague. 

Surveying  and  Topography— F.  L.  Straw,  A.  C.  Libby,  Frank  Plummer. 

Weights  and  Measures— W.  S.  Pardee,  Robt.  Augst,  Edwd.  Barrington. 

Machinery— R.  H.  Sanford,  J.  H.  Barr,  Wm.  De  Le  Barre. 

Water  Supply — James  Waters,  D,  P.  Waters. 

Municipal  Engineering— A.  Rinker,  Wm.  De  Le  Barre,  E.  T.  Abbott,  Wm. 
Vanduzee. 

Contracts  and  Management  of  Work— P.  B.  Winston. 

On  motions  the  Secretary  was  instructed  to  correspond  with  the  Chairman  of 
Committee  on  Harbor  and  Shipping,  Wm.  Foster  Higgins,  asking  for  copies  of 
pamphlets,  and  maps  or  plans  of  New  York  harbor  that  may  be  at  his  disposal. 
Subject  of  coast  defense  was  referred  to  Committee  on  Rivers  and  Canals  to  re- 
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port  at  next  meeting.  Discussion  of  the  evening :  Coast  Defense  at  New  York  and 
Heating  of  Railroad  cars.  Subject  of  car  beating  was  referred  to  Committee  on 
Railroads  and  Transportation,  with  instructions  to  prepare  report  at  next  meeting. 

On  motion  the  rules  were  suspended,  and  the  resolution  submitted  that  the  By- 
Laws  be  amended  as  follows  : 

Resolved,  That  Art.  1st  of  By-Laws  be  amended  to  read:  The  regular  meetings 
of  this  Club  shall  be  held  at  7.30  p.  m.  on  the  second  and  fourth  Fridays  of  each 
month  from  November  1st  to  May  1st,  and  on  the  evening  of  the  second  Friday  of 
each  month  from  May  1st  to  November  1st. 

[Adjourned.^  "W.  S.  Pardee,  Secretary. 


February  25,  1887  :— Special  meeting  of  Civil  Engineers'  Club  of  Minnesota, 
8  p.  M. ,  Mr.  President  in  the  chair.  Members  present,  M,  J .  Riggs,  Wm.  W.  Red- 
field,  Geo.  W.  Sturtevant,  F.  H.  Todd,  F.  W.  Cappelen,  G.  S.  Houston,  W.  S. 
Pardee. 

Minutes  of  last  meeting  read  and  approved. 

Special  meeting — no  regular  business. 

Discussion  for  the  evening  :  Factors  of  Safety.  Discussion  opened  by  Mr.  Hous- 
ton. Active  part  taken  by  F.  W.  Cappelen,  G.  W.  Sublette,  M.  J.  Riggs  and 
ethers. 

On  motion  of  Mr.  Houston  the  Committee  on  Buildings  was  instructed  to  con- 
fer with  the  Committee  of  the  Architectural  Association  having  in  charge  the  bill 
providing  for  the  licensing  of  architects,  with  reference  to  the  formulating  of  an 
amendment  to  said  bill  to  provide  for  a  factor  of  safety  to  be  used  in  the  construc- 
tion of  buildings. 

[Adjourned.']  W.  S.  Pardee,  Secretary. 


March  11,  1887  :— Regular  meeting  at  City  Hall,  7:30  p.  m..  President  G.  W. 
Sublette  in  the  chair.  Present— J.  H.  Barr,  Wm.  R.  Hoag,  Wm.  W.  Redfleld,  M. 
J.  Riggs,  and  G.  W.  Sturtevant.  The  Secretary  being  absent,  G.  W.  Sturtevant 
was  appointed  pro  tem.  Records  of  the  previous  meeting  were  read  and  approved. 
The  Secretary  read  a  letter  from  H.  M.  Waitt  relative  to  continuance  of  member, 
ship  ;  also  a  letter  from  Hon.  C.  K.  Davis  relative  to  copies  of  U.  S,  Reports  for  the 
Club  library.  On  motion  it  was  unanimously  voted  to  adopt  the  resolutions 
passed  at  the  last  regular  meeting  to  change  Art.  I  of  the  By-Laws  as  per  resolu- 
tion. Mr.  Barr  presented  a  communication  from  Prof.  Wm.  A.  Pike  inviting  the 
Club  to  hold  its  April  9th  meeting  at  the  College  of  Mechanic  Arts,  State  Uni- 
versity, and  have  an  opportunity  to  inspect  the  apparatus  of  the  various  mechan- 
ical departments.  Invitation  accepted.  On  motion,  C.  O.  Huntress,  Franldin 
Cook  and  P.  M.  Dahl  were  elected  to  membership.  The  discussion  of  the  evening 
was  on  New  York  Harbor  improvement,  which  was  chosen  as  the  subject  for  the 
next  meeting.  The  President  gave  notice  that  he  would  read  a  paper  on  Railroad 
Bridge  Openings  at  the  next  meeting. 

lAdjourned.]  Walter  S.  Pardee,  Secretary. 

March  25,  1887  :— Regular  meeting  of  the  Civil  Engineers'  Club  of  Minnesota 
was  held  Friday,  the  25th  inst.,  at  7:30  p.m.,  at  the  City  Hall.  Mr,  George 
W.  Sublette  in  the  chair.  Other  Members  present  were  :  G.  S.  Houston,  Wm.  W. 
Redfield,  F.  C.  Deterly,  Geo.  W.  Sturtevant,  F.  W.  Coppelen,  M.  J.  Riggs,  and 
Mr.  Secretary. 

After  the  reading  and  approval  of  the  previous  minutes,  the  standing  com- 
mittees reported  on  the  subjects  assigned  to  them. 

In  the  following  evening  discussion  Geo.  W.  Sturtevant,  of  the  Committee 
on  Rivers  and  Canals,  continued  the  subject  of  New  York  Harbor  and  Coast 
Defense.      Committee   on    Weights   and   Measure  outlined  the  theory  of  Pro- 
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fessor  Kedzie  on  the  cause  of  the  "  Attraction  of  Gravitation."  The  paper  of  the 
evening  was  read  by  President  Geo.  W.  Sublette  on  Railroad  Bridge  Openings. 
Paper  illustrated  by  black-board  and  paper  diagrams.  On  motion  of  Mr.  Houston 
the  subject  of  Wire  Ropes  were  adopted  for  the  next  meeting,  which  is  to  be  held 
at  the  University  of  Minnesota  second  Friday  in  April. 
lAdjourned.']  Walter  S.  Pardee,  Secretary. 


Editors  reprinting  articles  froin  this  Journal  are 
requested  to  credit  both  the  Journal  and  the 
Society  before   ichich  such  articles  were  read. 
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ARCHITECTURAL  ENGINEERING. 


By  J.  N.  Richardson,  Member  of  Civil  Eis^gixeers'  Club  of  Cleveland. 

[Read  December  28,  1886.] 


There  was  a  time  in  the  long  ago  when  architects  w^ere  engineers  and 
engineers  were  architects.  I  allude  to  Civil  Engineers,  those  whose  prov- 
ince it  is  to  deal  with  construction. 

They  were  then  known  only  as  architects,  and  we  have  still  many 
remaining  examples  of  their  engineering  skill,  from  the  simple  construc- 
tion of  the  early  temples  to  the  complex  vaulting  of  the  middle  ages. 
These  all  attest  that  the  men  who  designed  them  paid  a  strict  adherence 
to  mechanical  laws — they  worked  as  an  engineer  of  to-day  works,  con- 
sidered the  nature  of  the  materials  at  their  command,  and  applied  them 
to  the  case  in  hand  in  the  best  possible  manner.  They  considered  well 
their  loads,  lines  of  forces  and  strains  produced,  and  arranged  and  shaped 
their  materials  accordingly.  They  had  to  do  so,  or  their  structure  would 
not  have  stood,  nor  would  many  of  ours  stand  to-day  under  the  same 
circumstances — that  is  if  our  constructions  were  as  honest  as  theirs,  and 
showed  on  their  face  just  what  they  were.  What  falls  there  would  be 
of  all  the  arched  aisles  and  vaulted  ceilings  we  see  in  our  churches  were 
of  stone  (as  they  pretend  to  be)  instead  of  lath  and  plaster,  if  even 
many  of  the  arches  which  are  of  brick  or  stone  were  not  sustained  by 
some  hidden  power,  as  a  strong  rod  or  iron  beam. 

One  of  the  characteristics  of  this  age  is  that  which  might  be  designated 
as  the  divorce  tendency,  the  tendency  of  separating  a  being  which  is  of 
one  flesh  into  two  or  more.  Thus  the  carpenter  of  che  past  generation, 
who  could  frame  his  structures  from  hewing  the  timber  to  making  the 
doors  and  windows  and  finishing  the  inside,  has  been  divided  into  the 
framer,  planer,  sticker,  sash,  door  and  blind  maker,  stair  builder  and 
inside  finisher  ;  the  shoemaker  into  the  leg  maker,  upper  maker,  bot- 
tomer,  etc.,  all  the  trades  share  the  same  fate.  The  ancient  architect  is 
no  exception  ;  he  also  has  been  resolved  into  his  original  elements  of 
architect,  engineer,  sculptor,  decorator,  etc.,  and  thus  we  find  him  to-day 
the  shattered  remains  of  his  former  greatness. 

If  the  infiuence  of  this  Club  will  in  any  way  conduce  to  getting  him, 
together  again  it  will  not  exerted  in  vain. 

The  progress  of  architecture  during  the   past  ten  years  indicates  that 
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the  coming  architect  will  be  more  of  an  engineer  than  those  of  say 
twenty  years  ago,  not  only  that  he  will  possess  more  technical  knowl- 
edge and  be  better  versed  in  the  laws  of  mechanics,  but  that  the  spirit  of 
truthfulness  will  pervade  his  structures  to  a  greater  extent,  so  that  the 
real  construction  will  show  itself  as  it  does  in  purely  engineering  works. 
The  engineer  makes  no  shams,  and  architects  are  giving  up  the  practice. 
It  is  not  considered  necessary  now  to  plan  a  make-believe  chimney  on  the 
left  side  of  a  roof  because  a  real  one  is  on  the  right,  nor  that  window  sills 
should  all  be  on  a  level,  even  if  a  stairway  does  run  across  them,  nor 
many  other  false  notions  of  symmetry,  which  we  are  gradually  getting 
rid  of. 

This  principle  of  engineering — honest  expression  in  all  the  members  of 
a  structure — if  practiced  by  architects,  coui)led  with  a  true  artistic  treat- 
ment, will  do  much  to  bring  our  buildings  up  to  the  standard  of  those 
monuments  of  the  earlier  ages. 

If  an  infusion  of  engineering  sentiments  into  the  architect  will  bene- 
fit his  structures,  might  not  a  like  infusion  of  art  feeling  into  the  engi- 
neer improve  his  ?  What  is  more  artless  than  a  railroad  bridge  ? 
Whether  it  is  possible  to  give  it  a  more  artistic  appearance  without  in- 
creasing the  cost  is  a  question  which  will  bear  considerable  discussion; 
also  whether  companies  who  build  them  would  pay  the  extra  cost  if 
there  should  be  any.  They  don't  object  to  do  it  in  their  depots;  it  may 
be  that  the  architect  puts  it  on  anyhow  cost,  or  not,  and  the  companies 
cannot  help  themselves. 

It  has  been  remarked  by  a  writer  on  architecture  that  every  structure 
which  is  erected  detracts  to  a  certain  extent  from  the  public  enjoyment ; 
that  is,  it  shuts  off  or  obstructs  the  view  of  the  landscape.  They  should, 
therefore,  be  compensated  for  their  loss  by  making  the  structure  interest- 
ing. This  is  the  true  estimate  of  architecture.  TruQ  art  cannot  be  applied 
to  a  structure  ;  it  must  be  woven  into  it,  be  part  and  parcel  of  its  make 
up. 

Professor  Huxley,  while  lecturing  some  years  ago  before  the  Johns 
Hopkins  Hospital,  gave  them  advice  regarding  their  then  contemplated 
new  building.  He  told  them,  whatever  they  did,  not  to  go  to  an  archi- 
tect, but  to  get  a  good,  honest  mason,  tell  him  what  they  wanted,  and 
let  him  build  it  ;  then  if  they  had  money  left  when  they  got  through 
wnth  the  mason,. they  might  hire  an  architect  to  put  a  face  on  it. 

This  illustrates  the  prevailing  idea  of  architectural  art — putting  a  face 
on  ;  and  this  opinion,  shared  to  some  extent  by  even  architects,  has  been 
a  hindrance  to  the  advancement  of  real  architecture. 

The  engineer  who  would  give  art  expression  to  his  structures  must  be 
a  student  of  art,  so  as  to  weave  it  in  with  the  bone  and  sinew  of  his 
work  ;  and  the  architect  who  would  bring  his  structures  up  to  the  stand- 
ard of  monumental  art  must  be  actuated  by  those  engineering  principles 
— honest  and  truthful  construction. 


DISCUSSION  OF  MR.   RICHARDSON'S  PAPER. 

Mr.  W.  H.  Searles  :  Pilate  asked,  "  What  is  truth  ?"  And  we  may  ask, 
What  is  art,  and  what  is  beauty  ?  There  is  some  diflSculty  in  giving  a 
definition.     Our  tastes  change  with  custom.     It  has  been  suggested  that 
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railroad  bridges  are  not  beautiful.  The  older  forms  of  bridges  seem  to 
us  somewhat  graceful,  for  instance,  an  old  wooden  bridge  with  an  arched 
upper  chord.  If  we  take  a  more  modern  bridge  with  a  heteroc^eneous 
upper  line  and  the  contour  broken,  it  may  appear  at  first  unsightly  ;  it 
is  evidently  constructed  to  meet  the  requirements  of  the  situation  andl 
not  with  reference  to  the  taste  of  the  beholder.  Later  on,  however^ 
when  the  adaptability  of  this  bridge  to  its  purpose  is  understood,  we 
learn  to  consider  it  beautiful.  The  clumsy  elephant  may  appear  to  have 
no  beauty,  but  when  we  see  him  exert  his  strength,  and  observe  his 
wonderful  construction,  we  find  beauty  in  it.  There  is  a  beauty  of  the 
racehorse,  and  another  beauty  of  the  elephant.  There  is  a  beauty  of  the 
cathedral,  and  a  beauty  of  the  railroad  bridge,  yet  they  may  not  be  com- 
pared. As  certain  styles  prevail,  and  we  see  that  they  are  requisite  for 
their  purpose,  they  become  beautiful  in  our  eyes. 

Mr.  C.  O.  Arey  :  I  do  not  quite  agree  with  Mr.  Searles.  One  of  the 
essentials  of  beauty  is  proportion,  [f  we  see  structures  that  are  not  cor- 
rectly proportioned,  custom  cannot  make  them  beautiful  to  us.  One 
reason  why  many  engineering  forms  fail  to  please  us  is  on  account  of  this 
lack  of  proportion.  The  French  engineers  have  to  study  architecture  in 
connection  with  engineering,  and  their  structures  have  a  much  better 
appearance  than  the  American. 

Mr.  S.  J.  Baker  :  Our  Superior  street  viaduct  is  an  illustration  of  the  lack 
of  proportion.  Looking  at  it  from  a  distance  it  appears  to  me  as  if  there 
was  not  depth  enough  between  the  roadway  and  the  crown  of  the  arches, 
and  as  if  the  hand  rail  was  too  light.  In  looking  at  pictures  of  large 
viaducts  in  Europe  I  have  observed  how  much  attention  was  paid  to  the 
proper  proportions  of  the  railing  and  ornamental  lamp-posts.  Our 
structure  appears  deficient  in  this  respect. 

Mr.  Barber  :  The  construction  of  engineering  works  is  controlled  more 
by  the  idea  of  their  usefulness  than  of  their  beauty.  Structures  made  on 
purely  theoretical  lines  would  be  more  beautiful.  In  the  suspension 
bridge,  the  curve  of  the  upper  cable  is  very  graceful.  If  we  could  build 
trusses  on  theoretical  lines  they  would  present  a  finer  appearance.  We 
build  a  square  end  truss  because  it  is  more  economical.  Take,  for 
instance,  a  simple  truss  loaded  uniformly,  the  bottom  chord  would,, 
theoretically,  be  a  regular  curve.  There  is  a  great  beauty  in  a  stone  arch^, 
yet  when  we  build  arches  in  iron  we  have  to  deviate  more  or  less  from 
the  theoretical  lines.  We  often  see  ornamental  forms  like  brackets,  which 
do  not  have  the  appearance  of  supporting  anything.  This  detracts  from 
their  beauty.  Ornamentation  is  more  beautiful  when  it  appears  to  be 
really  of  service. 

Mr.  Richardson :  I  have  always  held  it  as  a  principle  that  truth  in 
architecture  was  essential  to  beauty.  Mr.  Barber  is  right  with  regard  to 
brackets.  It  offends  good  taste  to  see  a  bay  without  any  visible  means 
of  support.  Even  if  an  architectural  feature  has  the  appearance  of  doing 
some  work,  it  looks  better  to  us.  I  find  no  beauty  in  shams.  I  believe 
St.  Patrick's  cathedral  in  New  York  has  a  vaulted  ceiling  which  is  made 
of  lath  and  plaster.  I  have  seen  arches  in  Cleveland  which,  if  they  were 
made  of  stone,  as  they  appear  to  be,  would  certainly  fall.  I  think  there 
should  be  as  much  truth  spoken  from  the  walls  of  a  church  as  there  is 
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from  the  pulpit.  Churches  to-day  have  pillars  for  appearance  only. 
Trinity  Church  in  this  city  is  one  of  the  most  honest  in  this  respect.  For 
that  reason  I  have  always  thought  it  one  of  the  most  beautiful.  The 
structures  of  the  Middle  Ages  were  fine  pieces  of  engineering.  Those  old 
architects  must  have  known  a  good  deal  of  engineering  principles.  To- 
day pinnacles  are  made  of  galvanized  iron  put  on  for  appearance  only, 
then  they  were  pieces  of  engineering. 

Mr.  W.  II.  Searles :  Among  the  competitive  designs  for  the  new  Har- 
lem River  bridge  was  one  very  handsome,  which  was  not  chosen  by  the 
commission.  In  my  judgment  that  which  was  accepted  was  quite  in- 
ferior. 

Mr.  Richardson  :  The  East  River  Bridge  is  a  beautiful  structure.  The 
only  parts  subject  to  adverse  criticism  are  the  piers.  The  engineers  tried 
to  put  some  architecture  into  them.  If  they  had  followed  the  same 
principles  in  building  the  piers  as  they  did  in  other  parts  of  the  structure, 
they  would  have  been  in  much  better  taste. 

Mr.  Latimer  :  I  think  that  any  form  must  be  symmetrical  to  be  beautiful. 
Take  for  instance  something  that  we  use  very  often— a  Tyler  or  Wharton's 
switch.  Some  persons  admire  it,  but  in  my  opinion  it  is  cumbersome 
and  unsymmetrical  and  loaded  with  heavy  casting,  a  split  switch  has  a 
much  better  appearance,  Mr.  Searles  says  that  our  views  of  beauty 
change  with  custom,  and  that  forms  at  first  considered  unsightly  become 
beautiful  to  us.  You  will  remember  that  Horace  loved  his  friend  Balbenus 
so  much  that  he  fell  in  love  with  his  wen. 

Mr.  Arey  :  Balance  is  necessaiy  to  beauty.  Take  for  instance  Mr. 
Richardson's  remark  about  chimneys.  If  you  have  a  chimney  on  one 
side  of  the  house,  you  must  put  something  on  the  other  side  to  balance  it, 
though  not  necessarily  another  chimney. 

Mr.  Baker  :  A  thing  may  be  symmetrical  without  being  beautiful. 
The  elephant  may  be  symmetrical.  Beauty  is  to  a  large  extent  in  the 
eye  of  the  beholder.  Different  nations,  for  instance,  differ  widely  as  to 
what  constitutes  female  beauty. 

Mr.  Searles  :  I  think  our  ideas  of  beauty  may  be  regulated  somewhat 
by  a  study  of  nature.  Take  for  illustration  the  rose  ;  it  is  beautiful,  yet 
not  one  rose  in  a  thousand  is  perfectly  symmetrical ;  one  side  will  be  de- 
veloped more  than  the  other.  Some  flowers,  as  the  calla,  are  all  one- 
sided, yet  their  beauty  is  unquestioned.  We  are  at  liberty  to  follow  the 
same  principles  in  our  structures  ;  there  may  be  fineness  and  beauty 
without  regularity  of  parts.  I  do  not  wish  to  be  understood  to  assert 
that  any  form  may  come  to  be  considered  beautiful  after  long  acquaint- 
ance with  it.  There  are  principles  of  beauty  in  architecture  without  re- 
gard to  the  whim  of  the  individal  or  the  fashion  of  the  hour.  I  would 
suggest  that  we  should  be  favored  with  an  outline  sketch  of  the  East 
River  Bridge  by  Mr.  Richardson.  I  have  often  studied  those  piers  and 
have  felt  offended  with  them.  I  do  not  like  the  gothic  arch,  and  the 
general  outlines  cannot  compare  with  the  beauty  of  the  rest  of  the 
structure.  They  are  too  plain,  and  yet  their  plainness  does  not  give 
them  dignity. 

Mr.  Richardson  :  If  the  piers  were  massive  they  would  have  more 
dignity.     The  porticoes  of  the  Doric  temples  had  very  little   ornamenta- 
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tion,  yet  no  one  claims  that  they  had  not  dignity.  I  read  some  time  ago 
a  fine  criticism  on  that  East  River  bridge  and  on  the  piers.  I  wished  to 
bring  it  here  this  evening,  but  failed  to  find  it. 

Mr.  Barber  :  I  understand  that  IMr.  Roebling  considered  the  piers  of  the 
Cincinnati  bridge  to  have  architectural  beauty.  He  was  disappointed 
when  the  city  refused  to  have  the  bridge  at  the  end  of  Vine  street ;  he 
thought  that  it  would  improve  the  appearance  of  the  street.  He  speaks 
of  those  piera  as  if  he  had  paid  a  great  deal  of  attention  to  the  architec- 
tural elfect.     It  shows  that  engineers  sometimes  have  taste  in  design. 

Mr.  Barber:  If  the  elder  Roebling  had  lived  to  finish  the  East  River 
Bridge,  perhaps  the  piers  would  have  been  more  beautiful. 

Mr.  Arey  :  Mr.  Searles'  illustration,  the  calla,  has  neither  balance  nor 
symmetry.  The  lady-slipper  is  still  more  unsymmetrical.  As  far  as  we 
can  discern,  this  is  true  of  nearly  all  of  the  works  of  nature. 

Mr.  Latimer  :  The  architecture  of  the  day,  especially  in  this  country, 
does  not  appear  to  symbolize  or  commemorate  anything.  I  have 
observed  the  great  attention  paid  by  the  old  architects  to  geometrical  and 
astronomical  forms.  Take  Notre  Dame,  in  Paris  ;  it  is  built  in  honor  of 
the  Virgin  Mary  ;  all  the  signs  of  the  zodiac  are  shown  in  it  except 
the  Constellation  of  Virgo.  All  great  structures  ought  to  commemorate 
some  great  thought.  Of  course  you  will  expect  me  to  speak  of  the 
Pyramid.  The  structure,  in  the  first  place,  sho%vs  finer  workmanship 
than  that  of  the  present  day.  How  many  buildings  to-day  have  their 
cement  so  fine  that  it  does  not  exceed  one-hundredth  of  an  inch  in 
the  joints  ?  How  many  have  their  joints  so  fine  that  they  cannot 
be  discovered?  This  can  be  found  in  Central  America,  in  architecture 
which  must  have  existed  before  the  fiood,  similar  to  that  which 
is  found  in  Egypt  to-day.  Almost  all  of  those  early  structures 
specially  symbolized  something.  Those  early  builders  seem  to  have 
left  Egypt,  as  that  wonderful  architecture  was  not  continued  there, 
but  it  passed  into  Greece  and  Rome.  Those  early  builders  possessed  ac- 
curate knowledge  for  the  selection  of  material  for  strength  and  durabil- 
ity.     They  always  seasoned  their  stone. 

Mr.  Richardson  :  Tiie  idea  of  commemorating  some  special  thought  is 
adopted  to  some  extent  in  churches;  but  in  other  buildings,  such  as  busi- 
ness houses,  ihe  endeavor  is  only  to  adapt  them  in  the  most  appropriate 
way  to  the  business  to  be  carried  on  in  them.  In  a  dwelling  a  good  deal 
depends  on  the  man  who  is  to  occupy  it.  If  his  dining  room  is  very  large 
and  his  library  small  we  may  imagine  that  he  cares  more  for  the 
pleasures  of  the  table  than  for  the  improvement  of  his  mind.  If  his  bill- 
iard room  is  only  fitted  to  contain  tables  we  may  know  that  the  man  cares 
merely  for  the  game  ;  but  if  it  is  furnished  with  books  and  pictures,  easy 
chairs,  and  so  forth,  we  believe  that  he  likes  to  entertain  his  friends. 
Churches  sometimes  commemorate  some  great  event  in  their  carving. 
We  cannot  complain  that  the  new  Masonic  Temple  has  no  commemorative 
designs. 

Mr.  Whitelaw  :  Did  Mr.  Richardsoa  see  the  articles  on  architecture  by 
Miss  Van  Rensselaer  in  the  Century  ? 

Mr.  Richardson  :  Yes,  I  think  she  is  the  best  writer  of  the  day  on  that 
subject. 
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Mr.  "VVhitelaw  :  The  leading  idea  seemed  to  be  that  the  structure  should 
speak  for  itself.  Various  illustrations  were  given,  such  as  a  malt-house, 
a  manufactor3\  a  hospital.  Any  one  looking  at  the  picture  would  un- 
derstand at  once  for  what  purpose  the  building  was  designed. 

Mr.  Richardson  :  It  is  true  art,  and  truthfulness  in  art,  to  have  the 
building  designed  so  as  to  represent  the  function  that  it  performs. 

Mr.  Searles  :  One  criticism  of  the  obelisk  is  that  there  are  no  shadows. 
Both  the  obelisk  and  the  pyramid  are  perfectly  plain  surface  figures. 
They  appeal  to  something  in  us.  The  East  River  Bridge,  while  it  throws 
a  shadow,  has  a  broken  outline.  There  is  no  gradual  taper.  The  walls 
seem  to  be  vertical.  They  are  inclined  for  a  short  distance  and  then  be- 
come vertical  again.  More  elaborate  styles  of  architecture  have  cornices 
and  projections  casting  shadows.  The  East  River  Bridge  has  none  to 
speak  of  ;  nothing  suited  to  so  bald  and  heavy  a  structure,  especially 
when  it  is  in  combination  with  so  graceful  a  structure  as  the  Suspension 
Bridge. 

Mr.  Latimer  :  The  obelisk  is  in  direct  contrast  to  the  pyramid.  The 
pyramid  embodies  strength  and  durability. 

Mr.  A rey  :  The  American  architect  is  beginning  to  have  some  credit 
in  private  work.  The  individual  owner  seems  to  understand  that  he 
knows  something  ;  but  in  public  edifices  he  is  hampered  by  the  building 
committee. 

Mr.  Barber  :  There  are  two  great  structures  being  built  at  the  present 
time.  One  is  to  my  mind  most  hideous  ;  the  other,  very  graceful.  I 
refer  to  the  great  cantilever  bridge  over  the  Frith  of  Forth,  and  the 
French  Tower. 

Mr.  Richardson  :  I  think  the  drawings  of  the  French  Tower  look 
graceful,  and  so  do  those  of  the  Forth  River  bridge.  It  has  curve  lines  ; 
the  Niagara  Bridge  has  sharp  lines. 

Mr.  Barber  :  Is  not  that  tower  intended  to  represent  the  architecture 
of  the  present  day  ? 

Mr.  Richardson :  I  believe  it  is  ;  that  is,  the  architecture  of  the  present 
day  with  the  materials  we  have.  If  the  architects  of  the  middle  ages 
had  possessed  materials  such  as  we  have,  they  w^ould  have  made  as  fine 
forms  in  them  as  they  did  in  the  materials  they  had.  If  a  man  has  true  art 
feeling  it  will  show  itself.  As  it  was  said  of  a  poet,  "  He  lisped  in  num- 
bers, for  the  numbers  came."  Take  a  simple  thing  like  the  nut  of  a  bolt, 
make  it  hexagonal,  round  it  a  little  and  it  will  look  more  refined. 

Mr.  Hermann  :  Our  cast-iron  machines  were  formerly  provided  with  a 
number  of  projecting  ribs.  Engineers  lately  have  begun  to  smooth  off 
the  exterior  and  to  put  the  ribs  inside.  No  protruding  part  is  allowed  to 
be  seen.  The  machines  now  reoresent  strength.  It  is  difficult  for  designers 
to  adopt  new  principles  such  as  these  designs  embody,  and  much  credit 
is  due  to  them. 

Mr.  Swasey  :  The  idea  is  to  have  the  surface  as  plain  as  possible,  and 
to  leave  off  every  unnecessary  projectien.  We  get  better  castings.  The 
molder  can  slick  them  off  better,  and  keep  them  in  better  shape.  Most 
machine  tools  now  are  built  on  the  column  plan,  with  the  ribs  inside.  It 
is  very  different  from  the  time  when  we  used  to  find  architectural 
columns  on  pumping  engines. 
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Mr.  Latimer  :  Are  you  not  engaged  in  making  the  Lick  telescope? 

Mr.  Swasey  :  Yes  ;  it  has  a  hollow  column,  about  35  feet  high,  4  by  8 
feet  at  the  top.  It  is  made  in  sections.  All  the  castings  are  as  smooth 
as  possible,  with  the  ribs  inside.  In  the  modern  construction  of  tele- 
scopes, it  has  been  found  best  to  build  the  columns  of  iron,  and  every- 
thing practicable  is  placed  within  them.  Instruments  have  been  built 
principally  in  foreign  countries,  and  a  great  many  improvements  in  their 
construction  have  been  made.  We  now  strive  to  build  a  telescope  as  a 
machine,  not  as  an  instrument. 

Mr.  Wood  :  It  appears  to  me  that  it  requires  a  much  higher  quality  of 
skill  to  give  smoothness  and  finish  with  this  simplicity  of  construction 
than  with  the  former  method  of  ornamentation. 

Mr.  Richardson  :  It  is  a  good  deal  more  difficult  to  make  a  building 
look  well  without  any  decoration.  It  was  said  of  one  architect,  Mr. 
Street,  that  he  could  take  the  simplest  conditions  and  produce  a  good 
effect,  but  it  required  great  skill  to  do  it. 

Mr.  Swasey  :  With  regard  to  molding,  of  course,  cast  iron  enters  largely 
into  machine  tools,  and  it  is  quite  a  problem  to  make  them  plain  and  still 
preserve  a  good  appearance.  It  requires  a  good  deal  of  experience  to  get 
any  one  out  of  the  old  rut  in  designing  machinery,  but  mechanical  eiigi- 
neers  are  being  educated  in  the  more  modern  methods  of  construction. 

Mr.  Richardson  :  Mr.  Eastlake  stated  that  when  he  first  bought  furni- 
ture for  his  house,  he  saw  some  chairs  with  a  number  of  fancy  accesso- 
ries on  them.  He  inquired  how"  much  thej'-  would  cost  without  these, 
and  the  manufacturer  named  a  much  larger  price.  He  explained  that 
it  would  be  more  difficult  to  make  them  presentable  without  this  decora- 
tion. 


ANNUAL  ADDRESS 

TO   THE   WESTERN  SOCIETY  OF  ENGINEERS. 


By  President  Augustine  W.  Wright. 
[January  4,  1887.] 


Gentlemen :  In  compliance  with  your  By-Laws,  I  would  respectfully 
submit  the  following  report : 

The  accompanying  reports  of  the  Secretary  and  the  Treasurer  will 
indicate  to  you  the  present  condition  of  the  Western  Society  of  Engi- 
neers, as  regards  the  gratif3'ing  increase  of  membership,  but  I  would 
urge  upon  you,  individually  and  collectively,  the  importance  of  continu- 
ing your  efforts  to  add  to  your  membership. 

I  cannot  refrain  from  expressing  to  you  my  mortification  at  the  lack 
of  interest  evinced  by  the  majority  of  our  members,  as  evidenced  by  the 
dearth  of  papers  and  comparatively  small  attendance  at  the  meetings, 
although  I  must  admit  that  in  the  latter  respect  there  has  been  a  marked 
improvement  over  the  preceding  year.  Soon  after  you  honored  me  with 
an  election  to  your  presidency,  I  called  upon  nearly  every  resident  mem- 
ber and  solicited  his  hearty  co-operation  in  furthering  the  interests  of  the 
Society. 

In  appointing  your  standing  committees,  I  endeavored  to  select  those 
who  I  imagined   would  take  an  active  interest  in  the  subjects  allotted 
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to  them.  The  result  in  the  majority  of  instances  would  indicate  that 
the  gentlemen  selected  <-lid  not  enter  actively  upon  the  discharge  of 
those  duties.  There  has  been  a  dearth  of  papers  and  discussion,  as 
above  mentioned,  and  this  can  only  be  rectified  by  an  earnest  effort  upon 
the  part  of  members,  an  effort  that  I  most  smcerely  trust  may  result 
from  this  plain  statement  of  facts. 

The  venerable  Telford,  in  his  inaugural  address  of  the  British  Insti- 
tute of  Engineers,  spoke  as  follows  : 

"  It  becomes  incumbent  on  each  individual  member  to  feel  tliat  the 
very  existence  and  prosperity  of  the  Institution  depend  in  no  small 
degree  on  his  personal  conduct  and  exertions  ;  and  my  merely  mention- 
ing the  circumstance  will,  I  am  convinced,  be  sufficient  to  command  the 
best  efforts  of  present  and  future  members." 

If  your  Society  is  to  be  continued,  to  be  made  useful  and  interesting  to 
its  members,  so  greatly  desired  a  result  can  only  be  accomplished  by  the 
personal  efforts  of  members.  Let  me,  therefore,  beg  that  each  one  will 
consider  himself  personally  addressed,  and  urged  in  the  most  emphatic 
language  to  contribute  to  the  success  of  our  society  by  attendance  at 
the  meetings,  as  much  as  possible,  and  by  furnishing  papers,  asking  ques- 
tions, answering  questions,  stating  the  result  of  his  experience,  failures 
and  successes.  This  will  infuse  new  life  into  your  Society  and  make  it  a 
power  for  the  accomplishment  of  much  good. 

The  task  of  submitting  to  you  a  summary  of  the  important  Engineer- 
ing works  of  the  past  year  would  be  difficult  of  performance,  for  1  ques- 
tion whether  ever  before  within  the  history  of  the  world  has  there  been 
more  universal  activity  in  the  various  departments  of  engineering.  I 
will  confine  myself,  therefore,  to  a  few  of  the  more  important  achieve- 
ments within  our  own  territory. 

Twelve  months  since,  I  looked  confidently  to'a  vast  stride  forward  in 
the  effort  to  produce  electricity  at  a  cost  that  would  enable  it  to  compete 
with  steam.  As  you  well  know,  the  most  perfect  steam  engines  utilize 
comparatively  only  a  small  portion  of  the  theoretical  energy  contained 
in  the  coal  consumed.  Able  electricians  have  been  earnestly  striving  for 
some  method  of  converting  this  energy  stored  in  the  coal  directly  into 
electricity,  without  the  intervention  of  the  steam  engine,  but,  so  far, 
without  success.  The  conversion  of  the  energy  in  the  coal  into  electricity 
through  the  intervention  of  the  steam  engine  and  dynamo,  and  then  its 
reconversion  into  p6wer  entails  such  serious  losses  that  competition  with 
steam  as  a  motive  power  is  precluded  except  in  a  few  instances. 

The  application  of  electricity  to  smelting  has  resulted  in  the  construc- 
tion of  a  mammoth  dynamo  for  the  Cowles  Smelting  Co.  It  was  completed 
the  past  season  by  the  Brush  Co.  at  Cleveland,  and  is  said  to  be  the  most 
powerful  electric  machine  in  the  world,  its  capacity  being  3,800  amperes 
and  100  volts  E.  M.  F.,  over  510  electrical  horse-power  !  This  machine  is 
located  at  Lockport,  N.  Y.,  driven  by  water-power  and  used  for  the 
extraction  of  aluminum  from  corundum. 

W.  H.  Hale,  Ph.  D.,  wrote,  "But  the  furnace  gives  many  other  pro- 
ducts. Sometimes  there  are  found  small  fused  rubies  and  sapphires.  The 
sub-oxide  of  aluminum  never  found  in  nature  and  never  before  known 
to  exist,  or  to   be  capable  of  formation,  is  always  j)resent  in  larger  or 
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smaller  quantities.  I  have  also  seen  specimens  of  beautiful  white,  fibrous 
alumina.  With  other  charges,  sub-oxide  of  silicon  and  titanium  are 
found,  very  curious  products  indeed.  The  intense  heat  even  partially 
fuses  the  carbon,  and  the  electrodes  are  converted  into  graphite.  Impor- 
tant economical  as  well  as  scientific  results  have  been  already 
attained  by  the  dynamo.  The  price  of  aluminum  alloys  has  been 
reduced  to  a  scale  adopted  by  reckoning  the  value  of  the  contained  alu- 
minum at  $2.50  per  pound,  previous  sales  of  that  metal  having  been  made 
at  75  cts.  per  ounce.  The  10  per  cent,  alloy  is  said  to  be  the  strongest 
metal  known." 

The  vast  number  of  people  dependent  upon  the  daily  transportation 
afforded  them  in  the  cities  and  towns  of  our  country  make  everything 
affecting  the  speed  and  regularity  of  said  transportation  a  matter  of 
interest.  Beyond  question,  the  elevated  railway  affords  the  best  result 
in  this  respect,  and  statistics,  it  is  claimed,  can  be  produced  to  prove 
that  even  property  directly  along  the  right  of  way  is  benefitted  by 
such  a  construction.  For  surface  transit  in  the  streets,  the  cable  system 
is  meeting  with  wide-spread  adoption.  It  is  an  American  invention 
as  now  built,  and  may  be  said  to  have  originated  with  the  construc- 
tion of  the  Clay  Street  Hill  Railway,  of  San  Francisco,  Cal.,  in 
August,  1873.  It  has  also  been  introduced  in  the  cities  of  Chicago,  St. 
Louis,  Kansas  City,  Los  Angeles,  Oakland,  Omaha,  New  York,  Brook- 
lyn, Philadelphia;  and  many  other  cities  are  now  contemplating  its 
adoption. 

The  different  roads  have  cost  from  $30,000  to  $105,000  per  mile  of 
single  track,  varying  with  the  manner  and  diflSculties  of  construction. 
Beyond  question  it  affords,  when  properly  constructed  and  operated, 
increased  accommodation  to  the  people  seeking  transportation  as  com- 
pared with  animal  power. 

Regarding  steam  railroad  interests  the  mileage  has  increased  until  it  is 
estimated  that  we  now  have  137,000  miles  in  operation. 

One  of  the  most  important  events  affecting  this  interest  from  an  engi- 
neering point  of  view  was  the  power  brake  test  near  Burlington  upon  the 
Chicago,  Burlington  &  Quincy  Railway  in  July  last.  I  would  respectfully 
refer  you  to  the  files  of  the  Railroad  Gazette  for  a  very  full  account  of 
"  what  is  unquestionably  the  most  thorough  and  careful  attempt  to  settle 
a  complicated  mechanical  problem  which  has  ever  been  made  in  this 
country." 

Great  activity  has  existed  among  those  members  of  our  profession 
engaged  in  bridge  building.  Among  the  important  bridges  recently  com- 
pleted in  this  country  is  the  Henderson  Bridge  across  the  Ohio  River, 
formally  opened  for  traffic  August  5,  1885.  It  is  3,688  feet  in  length,  of 
which  the  channel  span  is  525  feet,  from  centre  to  centre  of  piers.  It  has 
16  spans  proper  and  three  supplemental  and  smaller  spans.  The  channel 
span  is  100  feet  above  low  water. 

The  Baltimore  &  Ohio  Railroad  bridge  over  the  Susquehanna  River  is 
6,315  feet  in  length  ;  one  span  520  feet,  and  four  spans  480  feet  in  length 
each.  A  gratifying  event  to  the  professional  pride  of  American  bridge 
engineers  was  the  award  in  January  last  of  a  contract  to  the  Union 
Bridge  Co.,  of  New  York,  to  construct  a   double  track  steel  bridge  over 
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the  Hawkesbury  River  by  the  Government  of  New  South  Wales.  The 
bridge  is  to  be  3,000  feet  in  length,  consisting  of  seven  spans.  The 
foundations  are  to  be  sunk  to  the  unprecedented  depth  of  170  feet  below 
tide  water.  The  bridge  over  the  Schuylkill  River,  at  Philadelphia,  is  a 
skew  bridge,  angle  53°  15'.  Four  pneumatic  caissons  were  sunk  for  foun- 
dations, the  deepest  having  gone  80  feet  below  water  surface.  Consider- 
ing the  difficulties,  this  work  was  completed  in  an  unusually  brief  time. 

During  the  past  summer  the  great  undertaking  was  successfully  ac- 
complished of  changing  the  gauge  of  nearly  11,500  miles  of  railroads 
throughout  the  Southern  States  to  a  uniform  gauge  of  4  feet  9  inches, 
the  standard  of  the  Pennsylvania  Co.  This  was  done  within  forty-eight 
hours  and,  so  far  as  I  have  been  able  to  learn,  without  accident  or  delay, 
and  may  well  be  considered  an  achievement  worthy  of  note. 

The  use  of  natural  gas  continues  to  increase,  and  affects  many  branches 
of  engineering.  The  eighth  edition  of  the  Directory  of  the  Iron  and 
Steel  Works  of  the  United  States,  corrected  to  July,  1886,  shows  that  68 
rolling  mills  and  steel  works  are  using  this  fuel,  and  16  are  making  prep- 
eration  to  introduce  it.  Two  years  ago  not  more  than  six  rolling  mills 
and  steel  works  used  natural  gas  as  fuel. 

In  concluding  this  brief  summary,  gentlemen,  I  would  impress  upon 
you  the  fact  that  you  ai:e  members  of  "no  mean"  profession  and  point 
with  pride  to  the  achievements  that  have  resulted  from  the  efforts  of 
members  of  your  profession  in  the  past.  Their  labors  have  been  second 
to  none  in  behalf  of  the  material  prosperity  of  mankind,  and  it  is  largely 
due  to  them  that  a  laboring  man  of  to-day  enjoys  comforts  in  his  home 
denied  to  the  crowned  heads  of  a  few  generations  past. 

But  Jeans  wrote  :  "  Next  to  the  illimitable  nature  of  the  field  there  is 
for  the  exercise  of  genius,  what  is  more  likely  to  stimulate  exertion  in 
this  direction  than  a  knowledge  of  the  rewards  and  honors  gained  by 
those  who,  although  the  foremost  men  of  our  day,  still  say  they  have 
only  gathered  a  few  pebbles  from  the  vast  ocean  that  lay  before  them?" 
These  words  are  true,  and  I  can  only  hope  that  as  day  by  day  we  gather 
wisdom  with  experience,  that  wealth  and  fame  may  be  the  reward 
achieved  by  each  member  of  the  Western  Society  of  Engineers. 


THE  GREAT  WATER  WAY  TO  CONNECT  LAKE  MICHIGAN  WITH 
THE  MISSISSII^PI  RIVER,  AND  ITS  INFLUENCE  ON  FLOODS 
IN  THE  ILLINOIS   RIVER. 


By  Thos.  T.  Johnston,  Member  of  Engineers'  Club  of  St.   Louis. 

[Read  January  5,  1887.] 

It  may  now  be  said  to  be  a  settled  fact  that  an  artificial  water  way  of 
unprecedented  magnitude  will  soon  connect  Lake  Michigan  with  the 
Mississippi  River  by  way  of  the  Illinois  River.  This  waterway  will  be  large 
enough  to  easily  permit  the  largest  boat  that  visits  St.  Louis  to  pass  into 
Lake  Michigan,  and  may  in  the  near  future  permit,  lake  boats  to  take 
cargoes  from  St.  Louis  to  Buffalo. 

The  necessity  for  and  merits  of  this  water  way  were  made  manifest  in 
a  report  to  the  Citizens'  Association  of  Chicago,  in  August,  1885,  by  Mr. 
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X(.  E.  Cooley,  C.  E.,  who  was  at  that  time  the  engineer  representative  on 
the  committee  of  the  Association.  With  this  report  as  a  basis,  the  Asso- 
ciation prevailed  upon  the  city  officials  to  investigate  the  question  to 
which  it  pertained,  namely,  the  future  drainage  and  water  supply  of 
Chicago.  Mr.  Rudolph  Hering,  C.  E.,  and  Mr.  Benezetto  Williams.  C. 
E.,  as  sanitary  experts,  were  constituted  a  commission  with  this  end  in 
view,  with  Mr.  Cooley  as  their  principal  assistant. 

The  question  turned  on  the  preservation  of  the  waters  of  Lake  Michigan 
and  of  the  Illinois  River  from  objectionable  pollution  by  sewage.  All 
possible  schemes  to  this  end  have  been  examined,  and,  though  the  com- 
missioners' report  has  [not  been  made,  they  have  publicly  announced 
through  the  press  and  otherwise,  that  by  far  the  cheapest  and  best 
answer  to  the  question  is  furnished  ty  a  water  way  connecting  Lake 
Michigan  with  the  Mississippi  River,  thus  indorsing  the  conclusions 
previously  reached  by  Mr.  Cooley. 

If  the  level  of  Lake  Michigan  was  only  ten  feet  higher  than  it  is  at 
present  its  waters  would  flow  over  the  natural  divide  that  separates  it 
from  the  Mississippi,  and  would  flow  through  the  upland  tributaries  of 
the  Illinois  River,  and  thence  toward  the  Gulf  of  Mexico.  Already  this 
natural  divide  is  cut  by  a  canal,  which  is  fed  by  the  lake.  At  present 
the  sewage  of  Chicago,  mixed,  according  to  the  season,  with  from  four 
to  eight  parts  of  lake  water,  finds  its  way  through  the  canal  at  the  rate 
•of  50,000  cubic  feet  per  minute.  The  result  is  a  densely  polluted  stream 
for  some  miles  from  Chicago.  The  city  is  growing  rapidly  and  the 
stream  getting  worse,  and  the  State  Board  of  Health  is  demanding  more 
dilution  with  lake  water. 

In  a  paper  prepared  by  invitation  of  the  Commercial  Club,  of  Chicago, 
and  recently  read  before  them,  and  well  received  by  them,  Mr.  Cooley 
stated  that  the  requirements  of  the  case  demanded  an  enlarged  canal 
which  should  at  first  have  a  cross-section  of  2,000  square  feet  and  a  depth 
of  about  20  feet.  This  canal,  to  cross  the  divide,  must  be  about  30  miles 
long.  The  quantity  of  water  to  pass  through  it  should  be  in  excess  of 
6,000  cubic  feet  per  second,  or  3o0,000  cubic  feet  per  minute.  In  the 
course  of  thirty  or  forty  years,  if  the  city  should  grow  at  the  rate  antici- 
pated, the  canal  should  be  enlarged  so  that  about  15,000  cubic  feet  per 
second,  or  900.000  cubic  feet  per  minute,  should  flow  through  it.* 

Without  stopping  to  discuss  further  the  many  interesting  topics  this 
water  way  suggests,  the  purpose  of  this  paper  will  be  reached  at  once. 

The  hydraulic  considerations  entering  in  the  design  of  this  water  way 
do  not  cease  with  having  delivered  the  water  thirty  miles  from  Chicago. 
Having  reached  this  distance  the  water  will  pass  through  a  dam  or  lock 
into  the  natural  channel  of  the  Des  Plaines  River,  and  thence  into  the 
Ilhnois  River.  It  has  been  said  that  "  the  people  of  Illinois  will  want  to 
know  how  this  large  volume  of  water  will  get  through  these  channels." 

The  question  turns,  of  course,  on  the  manner  in  which  floods  will  be 
influenced.     When  the  writer  was  in  the  service  of  the  Mississippi  River 

*  It  is  easy  to  see  that  the  channel  bavin?  the  largest  hydraulic  radius  consist'jnt 
•with  velocities  suitable  for  navigation  will  require  the  least  excavation.  Mr.  Cooley 
?peaks  of  20  feet  deep  by  10  et  wide,  so  arranged  as  to  be  ultimately  widened  to  259 
feet. 
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Commission  his  duties  pertained  largely  to  the  question  of  flood  dis- 
charges. Certain  facts  were  correlated  and  conclusions  drawn,  the  ideas 
involved  in  which  have  been  variously  presented.  Since  that  time  some 
experiments  on  the  flow  of  water  in  the  Chicago  water  supply  conduits 
have  been  examined,  which  forcibly  illustrate  the  ideas  then  presented^ 
and  which  have  a  bearing  on  the  subject  above  described.  It  is  desired 
to  present  the  results  of  these  experiments  and  to  discuss  them  in  the 
new  light  they  throw  on  the  question  of  flood  discharge.  In  doing  this 
pardon  is  asked  lor  briefly  reviewing  two  familiar  facts  in  order  to  lead 
up  more  precisely  to  the  particular  ideas  which  it  is  intended  to  consider. 

Two  long  steps  have  recently  been  made  in  the  advance  of  our  knowl- 
edge of  the  flow  of  water  in  defined  channels  : 

First.  This  step  may  be  stated  as  being  the  result  of  the  discovery  of  the 
influence  exerted  on  flow  by  the  nature  of  the  wetted  surface.  For  example, 
suppose  a  straight  channel,  with  uniform  cross-section,  to  be  constructed, 
and  let  it  have  a  uniform  inclination.  In  one  instance  let  its  surface  be 
made  of  rough  brick  work,  and  in  the  other  instance  let  the  surface  be 
of  cement  evenly  put  on.  When  equal  depths  of  water  are  flowing  the 
discharge  in  the  latter  will  be  very  much  greater  than  in  the  former  in- 
stance. 

Second.  This  step  may  be  stated  as  being  the  result  of  the  discovery  that 
the  increase  of  velocity  as  the  hydraulic  radius  increases  takes  place  at  a 
more  rapid  rate  than  is  expressed  by  the  square  root  of  the  hydraulic  radius. 
It  has  always  been  recognized  that  a  straight  and  uniform  channel  hav- 
ing a  constant  inclination  and  constant  form  will  have  varying  velocities 
if  its  size  be  varied.  It  was  formerly  supposed  that  this  increase  of  veloc- 
ity was  proportional  to  the  square  root  of  the  hydraulic  mean  depth,  or 
the  hydraulic  radius.  More  recent  experiments  have  proved,  however, 
that  this  supposition  was  not  well  founded,  their  results  showing  that' 
other  things  being  equal,  the  velocity  in  a  channel  increased  more  rapidly 
as  the  size  or  hydraulic  radius  increased. 

This  paper  is  intended  ro  deal  with  ideas  more  particularly  analagous 
to  the  first  step  of  advance,  namely,  the  influence  exerted  on  flow  of 
water  by  the  nature  of  the  boundaries  of  its  channels.  Some  use  of  the 
second  step  will  be  made  incidentally. 

The  experiments  on  the  flow  of  water  in  channels  upon  which  the 
various  formula  have  been  based  have  been  made  almost  without  ex- 
ception in  straight  and  uniform  channels  with  uniform  inclinations. 
There  can  be  no  doubt  as  to  what  is  meant  by  a  straight  channel  with 
uniform  inclination,  but  the  term  "  uniform  channeV^  needs  some  ex- 
planation in  order  to  avoid  misunderstanding. 

Consider  a  channel,  every  cross-section  of  which  has  the  same  shape 
and  size.     This  channel  will  be  uniform  as  to  shape. 

Impose  the  condition  that  the  channel  must  have  a  continuous  surface. 
The  channel  will  then  be  uniform  as  to  surface. 

Impose  further  the  condition  that  the  surface  of  the  channel  must  be 
continuously  of  the  same  kind  of  material  and  the  same  degree  of  rough- 
ness.    It  will  then  be  uniform  as  to  construction. 

Having  met  all  these  conditions,  the  channel  may  be  said  to  be  uni- 
form. 
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The  channels  met  with  m  practice  are  rarely  straight  and  uniform 
channels  with  uniform  inclinations.  Uniform  inclinations  sometimes 
occur,  and  likewise  straight  channels  ;  but  uniform  channels  are  very- 
rare. 

In  what  follows  there  will  be  presented  the  results  of  three  sets  of 
experimonts  which  teach  lessons  on  three  points. 

First.  The  influence  exerted  on  the  flow  of  water  by  a  channel  which 
is  nearly  straight  and  nearly  uniform. 

Second.  The  influence  exerted  on  the  flow  of  water  by  lack  of  uniform 
surface  in  a  channel,  the  channel  in  question  having  openings  along  its 
course  through  which,  however,  water  did  not  flow.  The  channel  was 
otherwise  uniform  and  straight. 

Third.  The  influence  exerted  on  flow  of  water  by  a  slight  lack  of  being 
straight,  and  by  lack  of  uniform  surface. 

In  all  these  channels  the  inclinations  were  nearly  uniform,  or  at  least 
were  so  small  that  their  variations  from  uniformity  could  not  have  been 
determined.  Although  the  inclinations  were  very  small,  they  were 
measured  over  such  long  distances  as  to  insure  a  desirable  approxima- 
tion to  accuracy. 

The  experiments  were  made  in  the  main  channels  for  the  water  supply 
and  river  purification  of  Chicago.  They  were  conducted  by  Mr.  S.  G. 
Artingstall,  C.  E.,  at  present  city  engineer  of  Chicago,  and  published  by 
him  in  the  American  Engineer,  May,  1880.  He  also  called  attention  to 
their  peculiar  indications,  as  described  below,  and  measured  them  in  a 
somewhat  different  manner  and  for  an  entirely  different  purpose. 

The  discussion  of  the  experiments  will  be  made  in  the  logical  order  of 
their  salient  features  as  follows  : 

Chicago  takes  its  water  supply  from  Lake  Michigan,  through  two 
nearly  circular  brick  conduits  or  tunnels.  Both  of  them  extend  out  two 
miles  under  the  lake  in  its  clay  bed.  They  take  water  from  the  lake 
through  shafts  and  deliver  it  at  the  shore  through  shafts.  One  of  the 
conduits  has  a  vertical  diameter  of  5  feet  2  inches,  and  a  horizontal 
diameter  of  5  feet.  The  other  conduit  runs  very  close  to  this  one.  It 
has  a  vertical  diameter  of  7  feet  2  inches  and  a  horizontal  diameter  of  7 
feet.  The  five  (5)  feet  conduit  terminates  at  its  shore  shaft,  and  has  a 
length  of  2  miles  and  is  straight.  It  also  has  a  uniform  surface.  The 
seven  (7)  feet  conduit,  after  reaching  its  shore  shaft,  continues  in  a 
straight  line  for  20,000  feet  to  the  western  part  of  the  city.  The  portion 
of  it  along  side  of  the  five  (5)  feet  conduit  is  straight  and  has  a  uniform 
surface,  but  no  experiments  were  made  on  flow  in  it.  Its  land  end,  20,000 
feet  long,  in  w^hich  experiments  were  made,  is  straight,  but  its  top  is  per- 
forated by  a  number  of  shafts  through  which  water  does  not  flow.  Its 
surface  is,  therefore,  not  uniform. 

Chicago  has  also  a  brick  conduit,  or  tunnel,  about  two  miles  long,  con- 
necting Lake  Michigan  with  the  north  branch  of  the  Chicago  River. 
"Water  is  pumped  through  it  from  the  lake  to  the  river  for  the  purpose  of 
flushing  the  latter.  This  conduit  is  circular,  and  has  a  diameter  of  12 
feet.  In  plan  it  is  straight,  but  in  vertical  longitudinal  section  it  is 
slightly  sinuous.  Its  surface,  being  perforated  at  the  top  by  a  number  of 
shafts,  is  not  uniform. 
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All  of  these  channels  were  constructed  under  the  same  supervision,  and 
have  as  near  as  practicable  the  same  construction  of  surface,  namely, 
first-class  brick-work. 

Diagram  (1)  shows  longitudinal  sections  of  the  seven  (7)  feet  and  twelve 
(12)  feet  conduits,  taken  from  the  First  Annual  Report  of  the  Chicago 
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Department  of  Public  Works,  1876.  The  lower  section  of  the  seven^(7) 
feet  water  supply  tunnel  answers  for  a  section  of  the  five  (5)  feet  tunnel, 
as  both  run  side  by  side  as  closely  as  safety  would  permit  in  construction. 
The  vertical  lines  show  the  location  and  number  of  the  shafts.  The  shafts 
in  the  seven  (7)  feet  tunnel  answer  the  purpose  of  fire  cisterns.     Those  in 


\ 

V 

:locity,iin  feet, 

PER  SEC 

OND 

\ 

\ 

1 

\ 

\ 

1 
1 

1 

\ 

1                                      ! 

> 

> 

-n 
O 
:::d 

-n 

O 
O 

a 

(Z 

H 

N 

1 

1 

1 

\ 

ill    ! 

A 

1        -      i 

(A 

H 
o 

X 

\ 

\ 

1  \ 

1 

\ 

5 

\ 

\ 

[^ 

1 

\ 

\^ 

\ 

1 

s 

\ 

\ 

\ 

\ 

\ 

1 

\ 

1 

tvt 

the  twelve  (12)  feet  tunnel  were  left  open  with  a  view  to  connecting 
sewers  with  them. 

The  method  of  conducting  the  experiments  is  described  in  great  detail 
in  the  number  of  the  American  Engineer  above  referred  to,  and  will  not 
be  repeated  here,  because  it  is  only  their  teachings  that  are  in  question. 
This  description  of  the  experiments  and  the  authority  given  will  be 
allowed  to  stand  sponsor  for  them.  The  writer  has  no  doubt  of  their 
accuracy. 

It  is  easy  to  se?,  from  the  nature  of  the  construction  of  the  conduits, 
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that  they  can  be  operated  under  varying  heads  or  inclinations.  And  so 
it  happ-^ned  that  the  experiments  were  made  under  such  conditions  A 
number  of  experiments  were  made,  in  several  instances,  under  each 
particular  condition  of  head.  They  do  not  differ  much  among  t'lem- 
selves,  as  may  be  seen  by  consulting  the  original  records,  and  they  have 
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been  combined  for  each  head.  The  appended  table  gives  the  number  of 
combined  experiments,  together  with  the  head,  mean  velocity,  and 
square  root  of  head  for  each  experiment.  Also  the  length,  diameter  and 
hydraulic  radius  of  the  conduit?. 

The  results  have  been  plotted  in  diagrams  2,  3  and  4,  which  will  be 
described  in  their  order. 
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On  diagram  2  the  results  for  the  five  feet  conduit  are  plotted. 
The  ordinates  are  the  observed  mean  velocities,  and  the  abscissae 
are  the  square  roots  of  the  corresponding  lieads.  The  small  rings 
inclose  the  observed  points.  The  straight  line  drawn  among  them 
represents  the  way  in  which  the  velocities  varied  with  the  square  roots 
of  head.     The  equation  of  the  straight  line  is 

(vel)  =  1.283  (head)^ 
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The  length  and  mean  hydraulic  radius  of  the  conduit  is  given  in  the 
table.     Introducing  them  into  the  equation,  there  results 

V  —  117  \/r8 
Diagram    3  shows    the    results    for  the    seven    feet  conduit,  plotted 
in  the  same  manner  as  diagram  3. 
The  equation  of  rhe  straight  line  among  the  small  rings,  reduced   to 

the  Chezy  form  as  above,  is  

V  =  98.47  yrs 
Diagram    4    shows  the  results  for  the   twelve    feet  conduit    in    the 
same  manner  as  in  the  other  diagrams,  and  the  resulting  equation  is  : 

V  =  91.1   i^rs. 


Conduit. 

Equation. 

5  ft. 

V  =  117      |/rs 

7  ft. 

V  -  98.47  i/rs 
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The  results  are  compared  in  the  following  table  : 

Condition. 

Uniform  surface. 

Straight,  but  surface  not  uniform. 

i  Straight  in  plan,  but  slig-htly  sinuous 

12  ft.  -u  =  91.1    yrs  ■}      in  vertical  longitudinal  sections,  and 

(     surface  not  uniform. 

This  table  shows  that  the  co-efficient  of  the  formula  actually  dimin- 
ished as  the  size  of  the  conduit  increased,  which  is  a  result  contrary  to 
experience  in  channels  of  this  kind,  of  different  sizes  and  of  uniform 
surface  and  alignment.  This  is  proved  by  the  second  step  of  advance  in 
knowledge  of  flow  in  channels  previously  stated.  The  only  way  to  ac- 
count for  the  results  is  by  the  lack  of  uniformity  of  surface,  and  in  the 
case  of  the  twelve-foot  conduit  by  slight  lack  of  being  straight. 

On  diagrams  3  and  4  straight  lines  have  been  drawn  which  do  not 
pass  among  the  small  rings.  These  lines  represent  what  might  be  antici- 
pated if  the  channels  had  uniform  surfaces  and  uniform  alignment. 
They  have  been  derived  from  a  comparison  of  the  results  of  the  five 
feet  conduit  experiments  with  experiments  by  Darcy  and  Bazin  in  brick, 
cement  and  gravel  channels,  and  with  those  of  Ftely  and  Stearns  in  the 
Sudbury  conduit.  The  method  of  this  comparison  is  shown  in  the  appen- 
dix hereto.  Essentially  the  same  results  would  flow  from  the  well-known 
Kutter  formula,  though /or  if /lis  par  ficiiZar  case  the  writer  believes  the 
following  formula,  derived  as  shown  in  the  appendix,  to  be  better: 

v  =  113.4  r°  6  3si 
The  following  table  gives  the  comparison  of  what  might  thus  have 
been  anticipated  for  uniform  conditions  with  what  occurred  under  exist- 
ing conditions.     The   comparison  is  made  by  use  of  the  Chezy  form  of 
formula,  and  the  co-efficients  speak  for  themselves  : 


Anticipated 

Exce?s  of  anticipated 

Conduit. 

Actual  result. 

result. 

result  over  actual  result. 

5  ft. 

V  =  117  Vrs 

17  =  117  Vi^s 

0  per  cent. 

7  ft. 

V  =  98.47  Vrs 

V  =  123.3  Vrs 

24  per  cent. 

13  ft. 

V  =  91.1  Vrs 

V  =  130.5  Vrs 

43  per  cent. 

It  is  thus  seen  that,  for  the  seven  feet  conduit,  a  discharge  24  per 
cent,  greater  might  have  been  anticipated,  and  it  is  believed  that  the 
lake  end  of  this  conduit  does  discharge  water  in  such  a  measure.  In 
the  twelve  feet  conduit  a  discharge  43  per  cent,  greater  might  have 
been  anticipated. 

So  much  for  the  indications  of  these  experiments  as  to  the  obstruction 
offered  to  flow  by  lack  of  uniform  conditions  in  the  channels,  it  being 
noted  that  the  heads  controlling  flow  were  very  small,  and  so  more  anal- 
agous  to  conditions  that  exist  in  natural  streams  than  is  ordinarily  the 
case  with  experimental  channels. 

The  writer  has,  in  official  reports  and  otherwise,  furnished  evidence  to 
show  that,  when  rivers  overflow,  much  smaller  velocities  exist  through 
given  cross-sections  than  would  be  the  case  if  flow  took  place  through 
the  same  cross-sections  with  the  overflow  prevented.  This  condition  was 
ascribed  to  the  lack  of  uniform  conditions  of  flow  when  the  water  was 
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flowing  heterogeneously  in  and  out  over  the  flooded  banks.  The  results 
of  these  conduit  experiments  are  offered  as  an  illustration  of  the  effect 
of  such  a  state  of  affairs. 

It  remains  now  to  connect  the  results  of  the  experiments  with  the  ques- 
tion of  floods  in  the  Illinois  River,  providing  constant  discharge  be  added 
to  it  at  all  stages  of  the  river,  which  discharge  will  amount  to  about  five 
(5)  times  the  ordinary  low  discharge,  and  to  more  than  one-tenth  of  the 
high  wat€r  discharge  at  the  mouth  of  the  river.  It  is  an  accepted  fact 
among  river  engineers  that,  in  rivers  which  flow  through  alluvial  beds, 
when  a  constant  discharge  takes  place  through  a  considerable  period  of  time 
the  more  shallow  places  become  deeper  and  the  deeper  places  correspond- 
ingly more  shallow.  That  is,  the  channel  changes  in  such  a  way 
as  to  approximate  more  nearly  to  uniformity.  Again,  it  is  the  low 
water  season  that  is  the  most  enduring,  and  during  that  season  a 
tendency  in  the  same  direction  always  exists,  and  the  tendency  will  be 
stronger  in  a  measure  as  the  low  water  discharge  is  greater.  Also,  a 
similar  tendency  exists  when  the  ratio  of  low  water  discharge  to  high 
water  discharge  is  increased.  Evidently  all  of  these  tendencies  will  be 
encouraged  in  the  Illinois  River  by  the  added  discharge,  and  consequently, 
when  floods  come,  they  will  find  a  channel  better  adapted  for  discharging 
them  than  exists  at  present.  The  increased  capacity  of  the  channel  for 
discharge  under  such  conditions  is  due  to  the  removal  of  obstructions  to 
flow,  and  the  consequent  approximation  to  a  uniform  chan-nel  and  uni- 
form condition  of  flow.  The  existing  conditions  of  flow  in  rivers,  with 
their  varying  cross-section,  is  analagous  to  the  condition  in  the  water 
conduits  not  having  a  uniform  surface. 

The  experiments  m  the  water  conduits  are  offered  as  a  very  simple 
illustration  of  how  the  capacity  of  a  channel  may  be  affected  by  irregu- 
larity, and,  conversely,  how  it  is  possible  to  increase  the  capacity  of  a 
channel  already  obstructed  by  irregularities. 

The  principal  irregularity  in  river  channels  is  the  variation  of  size  and 
shape  of  cross-section  from  point  to  point,  the  shallow  places  being  at  the 
location  of  the  bars.  Everybody  familiar  with  alluvial  river  beds  knows, 
the  impossibility  of  deepening  water  on  the  bars  by  dredging,  because 
new  material  soon  takes  the  place  of  that  removed.  This  would  be  differ- 
ent, if,  at  the  time  of  dredging,  the  discharge  of  the  river  be  permanently 
increased.  It  follows  then,  that  the  natural  process  of  deepening  water 
on  bars  by  permanently  increasing  the  discharge  may  be  aided  by  dredg- 
ing. In  the  Illinois  River  the  bars  are  mainly  at  the  mouths  of  tribu- 
taries, which  bring  in  material  that  the  now  sluggish  current  cannot  re- 
move. With  the  discharge  permanently  increased  the  current  will  have 
more  power  to  remove  these  deposits,  and  a  more  capacious  channel  will 
result.  Or,  if  the  deposits  are  removed,  it  will  have  more  power  to  keep 
them  from  forming  again.  Thus  there  is  more  probability  of  increasing 
the  capacity  of  the  Illinois  River  in  the  manner  suggested  than  if  the  bars 
were  the  result  of  the  forces  in  the  main  river  shaping  its  bed  in  a  man. 
ner  consistent  with  approximate  stability. 

If  the!average  high  water  cross-section  of  the  Illinois  River  in  its  central 
part  be  taken  to  be  800  feet  wide,  with  a  mean  depth  of  28  feet  and  a 
mean  velocity  of  2^  feet  per  second,  no  essential  error  will  be  made.  This 
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will  give  a  high  water  discharge  of  56,000  cubic  feet  per  second.  If  this 
discharge  can  be  made  to  take  place  at  a  velocity  ten  per  cent,  greater 
than  3^  feet,  or  at  2|  feet  per  second,  the  area  demanded  for  its  passage 
will  be  so  diminished  that  the  elevation  of  high  water  will  be  reduced  by 
a  little  more  than  3^  feet.  The  increased  discharge  which  it  is  proposed 
to  put  in  the  ri%'er  will  not,  at  high  water,  raise  the  river  as  much  as  3^ 
feet.  Therefore,  if  the  action  of  this  permanently  increased  discharge  be 
enough  to  increase  the  capacity  of  the  river  by  10  per  cent.,  its  effect  will 
actually  be  to  reduce  flood  height. 

It  does  not  follow,  therefore,  that  the  permanent  increase  of  the  dis- 
€haro-e  of  the  river  will  necessitate  a  raising  of  its  banks  to  restrain  flood 
waters.  On  the  contrary,  flood  elevations  may  actually  be  reduced.  The 
length  of  this  paper  does  not  permit  discussing  the  possible  increase  of 
capacity  of  the  river  by  simply  deepening  the  more  shallow  places,  but 
the  writer  will  state  that  it  will  exceed  many  fold  the  percentage  just 
stated  as  being  sufficient  to  actually  reduce  flood  heights  with  the  per- 
manent increase  of  discharge  contemplated.  No  doubt  a  more  full  and 
complete  discussion  of  the  subject  will  find  its  way  into  the  future  reports 
that  will  have  to  be  made  concerning  this  great  water  way. 

Table  of  data  referred  to  in  the  above  : 

5  Feet  Conduit. 


No. 

Head,  in  ft. 

Vel.  in  ft.  per  sec. 

V  Head. 

1 

0.716 

1.073 

0.816 

Length 

=  10,567  feet. 

3 

1.009 

1.211 

1.004 

3 

1.367  . 

1.506 

1.169 

Area 

=  20.3     sq.  ft. 

4 

1.548 

1.593 

1.244 

5 

1.823 

1.716 

1.350 

r 

=     1.27 

6 

2.012 

1.689 

1.419 

7 

4.679 

2.780 

2.163 

Vr 

=     1.127 

7  Feet  Conduit. 

1 

0.332 

0.497 

0.576 

Length 

=  20,500  feet. 

3 

0.403 

0.558 

0.635 

3 

0.456 

0.603 

0.675 

Area 

=      39.4  sq.  ft. 

4 

0.524 

0.630 

0.724 

5 

1.174 

0.957 

1.084 

r 

1.77 

6 

1.274 

1.033 

1.129 

7 

1.567 

1.143 

1.252 

Vr 

=        1.33 

S 

1.721 

1.206 

12  Feet 

1.312 

Conduit. 

1 

0.820 

1.394 

0.906 

3 

0.967 

1.662 

0.983 

Leugth 

=    8,900  feet. 

3 

1.321    • 

2.025 

1.149 

4 

1.525 

2.131 

1.335 

Area 

-     113.1  sq.ft. 

5 

1.697 

2.141 

1.303 

6 

1.962 

2.256 

1.401 

r 
Vr 

3. 
1.732 

APPENDIX. 

There  has  been  plott-^jd  on  diagram  5  the  results  of  the  Sudbury  ex- 
periments, the  Darcy  and  Bazin  experiments  in  brick  channels  and 
pure  cement  channels,  and  the  experiments  in  the  five-foot  Chicago  con- 
duit. 

The  process  was  as  follows  :  Excepting  in  the  case  of  the  Chicago  con- 
duit, the  experiments  were  made  with  varying  values  of  hydraulic 
radius,  while  in  all  the  experiments,  Chicago  included,  the  velocity  was 
allowed  to  vary.     The  common  logarithms  of  the  hydraulic  radii  of  the 
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channels  have  been  taken  as  ordinates,  and  the  differences  of  the  com- 
mon logarithms  of  velocity  and  one-half  the  common  logarithms  of 
slope  are  abscissae.  Straight  lines  have  been  drawn  among  the  observed 
points,  as  shown  on  the  diagram.  The  equation  of  the  line  passing 
through  the  point  corresponding  to  the  Chicago  oxperiments  is 
log.  V  —  i  log.  s  =  0.63  log.  ?'  +  2.05476. 
The  intercept  being  a  logarithm,  it  follows  that — 

V  =  USA  rO.GSsVci^ 
as  given  in  the  text. 
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Different  persons  might  draw  the  straight  lines  a  little  different,  but 
it  is  easy  lo  see  that  no  essential  change  could  reasonably  be  made. 

The  values  of  the  logarithms  of  hydraulic  radius  for  both  the  seven- 
foot  and  the  twelve-foot  conduit  would  plot  on  the  diagram.  The  ele- 
ments governing  flow  in  these  conduits  do  not,  therefore,  differ  greatly 
from  what  existed  in  the  Sudbury  conduit,  so  that  it  cannot  be  said  that 
the  formula  given  has  been  applied  to  cases  much  beyond  the  range  of 
experimental  determination. 

Note  1. — The  measurements  of  the  hydraulic  elementsof  the  water  con- 
duits discussed  in  this  paper  were  made  as  follows  : 
Head. — In  the  cases  of  all  the  conduits,  they  were  first  filled   with 
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water,  and  the  levels  of  the  water  in  the  shafts  at  the  extremities  were 
taken  to  be  the  same.  These  determinations  were  carefully  made, 
especially  in  the  case  of  the  seven  feet  conduit,  in  which  hook  gauges 
in  the  extreme  shafts  were  read  every  five  minutes  for  six  hours.  The 
distances  over  which  head  was  measured  were  10,567  feet  in  the  five  (5) 
feet  conduit,  20,500  feet  in  the  seven  feet  conduit,  and  8,900  feetin  the 
twelve  feet  conduit.  These  great  distances  enabled  the  accurate  deter- 
mination of  even  the  smallest  head. 

Velocity. — The  velocities  in  the  five  feet  conduits  were  measured  by 
use  of  a  current  meter.  Several  years  after  these  measurements  were 
made  the  indications  of  the  formula  for  this  conduit  were  compared 
with  weir  measurements,  a  duty  test  of  a  pump  being  made.  The  results 
agreed  within  a  percentage  very  small  compared  with  the  percentages 
involved  in  this  paper. 

In  the  case  of  the  seven  feet  conduit, "the  discharge  was  measured, 
with  unusual  care,  by  a  weir,  and  the  velocity  obtained  by  dividing  the 
discharge  by  area. 

In  the  case  of  the  twelve  feet  conduit  the  velocities  were  measured 
by  a  current  meter  in  different  parts  of  the  cross-section.  The  meter  was 
used  in  a  shaft.  The  surface  of  the  conduit  past  the  shaft  was  made  con- 
tinuous by  the  use  of  lagging,  apertures  being  left  only  large  enough  for 
the  insertion  of  the  meter. 

Area. — All  the  conduits  were  constructed  under  a  continuous  inspec- 
tion in  accordance  with  specifications  which  called  for  the  areas  given  in 
the  body  of  this  paper. 

The  measurements  given  in  the  case  of  the  seven  feet  conduit  are 
the  results  of  a  third  set  of  experiments.  Those  in  charge  of  the  con- 
duit doubted  the  first  two  sets,  and  in  having  the  third  set  made  every 
attention  was  paid  to  eliminating  possible  sources  of  error.  The  indica- 
tions of  all  three  sets  were,  however,  identical.  Very  few  examples  of 
hydraulic  observations  made  with  equal  care  can  be  found  anywhere. 

The  percentages  of  error  in  the  cases  of  any  of  the  measurements  used 
may  safely  be  said  to  be  very  small  compared  with  the  percentages  given 
in  the  body  of  the  paper. 

Note  2. — The  number  and  dimensions  of  the  shafts  to  the  conduits  are 
as  follows  : 

Five  feet  conduit,  none. 

Seven  feet  conduit,  9  shafts,  8  feet  diameter. 
((  ((       <'       8      *'       6  *' 

Twelve  feet  conduit,  16  shafts,  6  feet  diameter. 

2       "     12 


DISCUSSION  BY   J.   B.   JOHNSON. 

It  seems  to  me  this  paper  hardly  fits  the  title.  So  far  as  the  paper  is  of 
interest  to  engineers  it  should  be  entitled  :  "The  Effect  of  Sudden  En- 
largements in  Masonry  Conduits  on  the  Flow  of  Water  through  Them, 
with  Certain  Hypothetical  Inferences."  As  such  it  has  considerable  in- 
terest and  value  to  hydraulic  engineers.  Probably  never  before  has  the 
influence  of  such  openings  been  so  well  determined  on  so  large  a  scale.  I 
am  inclined  to  admit  the  full  force  of  the  facts  and  conclusions,  so  far  as 
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artificial  conduits  are  concerned.  It  is  only  with  the  inferential  part  of 
the  paper  that  I  am  dissatisfied.  The  writer  states  that  ''the  existing 
conditions  of  flow  in  rivers,  with  their  varying  cross-section,  is  analogous 
to  the  condition  in  the  water  conduits  not  having  a  uniform  surface." 
This  I  do  not  admit.'  The  shafts  on  the  conduits  were  sudden  enlarge- 
ments, with  angular  corners.  In  rivers  the  changes  of  section 
are  very  gradual,  and  by  gentle  curves.  All  hydraulic  engineers 
know  that  no  analogy  may  be  drawn  between  these  two  conditions.  Thus 
^n  Fig.  1  there  is  a  sudden  enlargement  from  the  area  A^  to  the  area  A^, 


Fig,  1. 


Fig.  2. 


and  as   a  result  the  mean   velocity  is  reduced  from   T^i  to    F,,  where 
A. 


V         A 

—  —  ~.    In  this  case  it  is  found  by  experiment  that  there  is  no  equiva- 
•^1 


lent  gain  in  head  at  xlg,  an  amount  of  energy  equal    to  W 


2sr 


where  W  is  the  weight  of  the  water  passing  in  a  given  time,  having  been 
consumed  in  internal  friction.  If  the  enlargement  had  been  gradual, 
however,  as  in  Fig.  2,  the  static  head  in  the  enlarged  portion  would  have 


been  increased  by  an  amount  equal  to 


^g 


and  this  increased  head 


would  have  been  utilized  in  generating  the  velocity  Fj  again  as  the 
water  passed  back  into  the  small  section.  There  would  thus  have  been  no 
loss  of  head  due  to  the  enlargement.  Now,  Fig.  1  represents  the  condi- 
tions found  on  the  Chicago  conduits,  and  Fig.  2  represents  the  conditions 
found  on  all  natural  streams  flowing  in  alluvial,  sandy,  or  gravelly  beds, 
and  since  there  is  knoimi  to  be  no  analogy  between  the  two  cases  here 
shown,  I  do  not  think  it  rational  to  assume  one  between  the  Chicago  con- 
duits and  the  Illinois  River. 

With  reference  to  the  flow  over  the  banks  in  time  of  flood,  the  phe- 
nomena are  very  complex,  and  the  conditions  are  never  duplicated,  so 
that  any  analogy  between  two  overflowing  rivers  is  hardly  admissible, 
much  less  an  analogy  between  any  particular  stream  in  time  of  flood  and  a 
masonry  conduit,  flowing  under  a  head,  having  sudden  enlargements 
consisting  of  vertical  shafts.  For  the  idle  amusement  of  the  curious  such 
analogies  might  be  drawn  ;  but,  as  a  basis  of  engineering  estimates  and 
quantitative  prediction,  I  can  but  regard  such  arguments  as  worse  than 
useless. 

Any  increase  in  the  low-water  discharge  will  always  prove  more  or 
less  eflficient  in  removing  the  sand  bars  from  any  natural  channel,  but  if 
these  bars  are  gravel  bars,  built  up  in  time  of  high   water,  or  thrown 
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out  from  a  tributary  during  a  local  rise  in  that  stream,  as  I  understand 
most  of  the  Illinois  River  bars  to  be,  then  the  energy  of  the  low-water 
flow,  even  when  increased  in  the  manner  proposed,  is  not  likely  to  ac- 
complish much  toward  their  removal.  And  even  tliough  they  were  re- 
moved by  dredging,  what  is  to  hinder  the  next  high  Vater,  or  the  next 
local  flood  in  a  tributary  from  doing  again  what  it  has  always  done  be- 
fore ?  Evidently  there  can  be  no  great  benefit  resulting  from  an  increased 
low-water  discharge  in  the  way  of  bar  removal,  or  the  maintenance  of  an 
improved  channel,  unless  the  materials  composing  the  bed  of  the  stream 
are  such  as  can  be  moved  by  the  stream  at  low  stage.  The  paper  gives 
us  no  light  on  this  point,  but  I  understand  that  the  troublesome  bars  are 
all  coarse  gravel  bars,  on  which  the  river  at  low  stages  has  no  influence. 
I  therefore  conclude  that  the  Chicago  experiments  cited,  although  val- 
uable in  themselves,  have  no  rational  bearing  on  the  problem  stated  as 
the  title  of  this  paper,  and  furthermore  that  the  proposed  addition  to  the 
low-water  discharge  is  not  likely  to  have  very  much  influence  in  the 
matter  of  bar  removal  and  the  lowering  of  the  flood  stages  on  the  Illinois 
River.  I  would  be  inclined  to  think  that  unless  artificial  means  are  con- 
tinually resorted  to  for  the  removal  of  the  bars  the  volume  of  water 
added  from  Lake  Michigan  would  practically  be  superposed  on  any  flood 
reaching  the  Illinois  River  from  its  natural. drainage  basin. 


DISCUSSION     BY  JAMES  A.  SEDDON. 

I  wish  to  say  at  the  beginning  that  I  substantially  agree  with  Mr.  T. 
T.  Johnston  in  his  main  conclusions,  and  that,  therefore,  I  should  prob- 
ably not  have  entered  into  a  discussion  of  this  paper,  had  it  not  met  with 
some  unfavorable  criticism  when  read  before  the  St.  Louis  Engineers' 
Club. 

The  paper  covers  two  questions  :  First,  conclusions  from  the  data  of 
the  Chicago  lake  conduits ;  second,  the  question  of  the  effect  on  flood 
heights  of  a  constant  addition  to  the  discharge  to  the  Illinois  River. 

To  the  first  question  I  would  give  a  qualified  agreement.  Mr.  John- 
ston has  presented  the  data  and  pointed  out  clearly  that,  in  this  case, 
mean  velocity  changed  in  a  way  directly  opposed  to  its  well  recognized 
law  for  uniform  channels,  with  nothing  in  sight  in  one  case  to  account 
for  this  but  a  lack  of  uniformity  of  surface  (shafts  in  the  top  through 
which  water  did  not  flow)  of  a  kind  that,  I  believe,  has  hitherto  been 
considered  immaterial,  and  the  same  in  a  second  case  combined  with  an 
imperfect  alignment,  which  is  generally  admitted  as  material  in  its  effect. 
I  think  he  is,  therefore,  entitled  to  the  credit  of  raising  the  question 
whether  a  lack  of  uniformity,  of  the  kind  noted,  may  not  be  a  more  ma- 
terial resistance  to  flow  than  has  been  supposed.  I  suppose  that  there 
are  few  engineers  that  would  be  ready  to  accept  it  as  more  than  a  ques- 
tion fairly  raised,  for  out  of  the  possibilities,  taking  an  example  that  was 
well  pointed  out  by  Mr.  Holman  in  the  discussion  before  the  St.  Louis 
Club,  the  fact  that  the  fall  was  taken  only  at  the  two  ends  and  there  was 
not  absolute  certainty  that  the  hydraulic  grade  was  without  break,  mus^ 
throw  some  doubt  on  the  conclusions . 

The  unknown,  however,  is  a  broad  field  in  the  velocity  variations  of 
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large  discharges,  and  I  think  it  a  decided  advantage  that  this  question 
has  been  raised,  and  that  Mr.  Johnston  has  shown  the  courage  of  his 
convictions,  and  assigned  approximately  quantitative  values  to  these 
effects  ;  the  confirmation  or  disproof  will  now  probably  follow  from  data 
that  have  come,  t)r  will  come,  under  the  observation  of  hydraulic  engi- 
neers. Personally,  w-hile  doubtful  of  an  effect  so  large  as  that  suggested, 
I  should  not  be  surprised  to  find  further  investigation  showing  it  a  cause 
of  quite  material  effects. 

The  second  conclusion  in  regard  to  flood  heights  in  the  Illinois  River» 
if  rested  on  the  first,  has,  of  course,  a  very  imperfect  foundation  ;  for 
not  only  would  the  explanation  of  the  Chicago  conduit  data  be  in  ques- 
tion, but  the  lack  of  uniformity  found  in  river  channels  is  too  different 
in  kind  and  in  scale  from  that  found  in  the  case  cited,  to  admit  of  an 
unquestioned  transfer  of  conclusions  from  one  case  to  the  other.  This, 
however,  I  take  it,  was  by  no  means  Mr.  Johnston's  intention,  but 
writing  as  he  can  only  do  on  this  question  for  those  familiar  w^th  river 
hydraulics,  he  has  j)resented  this  case  as  an  interesting  parallel  to  phe- 
nomena observed  in  rivers,  and  then  passed  on  to  the  question  of  the 
Illinois  River,  resting  his  conclusions  thei'e  on  a  much  broader  field  of 
experience,  and  only  tracing  the  outlines  of  theories  with  which  he 
assumes  familiarity.  In  his  conclusions  here  I  most  heartily  agree  with 
him. 

Not  to  extend  this  beyond  the  range  of  a  short  discussion,  I  may  say 
that  I  think  there  is  no  well  considered  theory,  based  on  data  of  our 
Western  rivers,  that  would  lead  us  to  the  conclusion  that  the  addition  of 
a  constant  discharge  to  an  alluvial  river,  and  the  resulting  diminution 
of  the  ratio  of  high  to  low  water  volume,  would  work  in  any  way  but  as 
a  permanent  benefit.  In  an  admirable  paper  on  the  relation  of  sections 
by  Mr.  McMath,  presented  in  Kept.  Miss.  Com..  1881,  and  further  dis- 
cussions by  him  of  the  levee  problem  for  the  lower  Mississippi,  read 
before  the  St.  Louis  Engineers'  Club,  he  reaches  the  conclusion  that 
velocities  up  to  a  stage  intermediate  between  high  and  low  water  operate 
to  produce  lower  gauge  heights  for  a  given  value  of  discharge,  while 
beyond  this  critical  stage  they  operate  to  produce  higher  gauge  heights. 
Differing  from  Mr.  McMath  in  his  conclusions  on  the  effects  of  high 
water  velocities,  except  after  overflow,  Mr.  Johnston,  in  an  extended 
study  of  the  variations  of  discharge  with  gauge  heights  in  the  Missouri 
and  Upper  and  Lower  Mississippi  rivers,  came  to  substantially  the 
same  conclusion  in  regard  to  the  effects  of  low-water  velocities  ;  this 
effect  of  the  low-water  velocities  is  reasonable  then  on  the  basis  of  theo- 
retic consideration,  and  more,  it  may  be  traced  as  an  actual  fact  in  data 
collected.  It  needs  but  the  statement  therefore  that  velocity  increases 
theoretically  faster  with  gauge  heights  at  the  lower  stages,  and  practi- 
cally on  the  Mississippi  and  Missouri  rivers  in  about  a  constant  ratio, 
while  gauge  heights  increase  for  a  given  change  of  discharge  very  much 
less  at  the  high  stages  than  the  low,  to  see  that,  accepting  the  conclusions 
above,  the  action  of  those  forces  that  are  lowering  the  gauge  heights,  in 
the  changed  conditions  of  the  case  in  question,  are  increased  in  a  much 
larger  proportion  and  act  through  a  longer  time  than  those  that  may  be 
opposed  to  change  in  this  direction. 
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Or  simply  considering  that  the  height  of  bars  in  the  present  river  is  in 
approximate  balance  with  present  forces,  we  may  fairly  conclude  that 
the  new  balance,  in  the  changed  conditions,  will  be  a  lowering  along  the 
whole  river.  Of  course,  before  quantitative  results  could  be  assigned, 
the  problem  of  the  particular  river  would  require  special  study,  but  that 
the  addition  of  a  constant  discharge  that  would  increase  the  ordinary  low- 
water  volume  five  times  might  be  expected  to  decrease  the  high-water 
gauge  height  at  least  two  and  a  half  feet  seems  to  me  altogether  reasonable^ 

Dropping  special  considerations,  it  is  difficult  for  me  to  conceive  of 
how  any  one  familiar  with  river  data  can  feel  satisfied  that  an  alluvial 
river  whose  low-water  volume  was  permanently  increased  to  five  times 
its  original  value,  and  its  high-water  volume  only  about  one-tenth,  should 
remain  permanent  after  this  change,  as  a  river  of  higher  slope  than  in 
its  previous  condition,  and  that  is  the  alternative,  if  Mr.  Johnston's  con- 
clusions are  not  accepted,  for  the  elevation  at  the  mouth  of  the  river  is 
about  fixed  by  the  elevation  of  the  Mississippi. 

Though  the  bed  of  an  alluvial  river  is  generally  recognized  as  ap- 
proaching a  state  of  equilibrium  between  the  forces  of  flow  acting  on  it 
and  the  ability  of  the  material  to  resist  those  forces  by  its  stability,  still, 
in  the  case  of  bars  of  long  standing,  the  material  may  settle  so  as  to  have 
a  power  of  resistance  materially  beyond  the  equilibrium  under  which  it 
was  placed  by  the  flow.  In  this  case,  as  pointed  out  by  Mr.  Johnston,  the 
engineer  recognizes  that,  while  the  regimen  of  the  river  remains  the  same, 
the  artificial  removal  of  the  bar  is  of  no  benefit,  since  it  is  quickly  replaced 
in  the  same  or  a  slightly  different  location  by  the  operation  of  its  original 
causes.  But  in  case  a  more  favorable  regimen  has  been  established  ^  and 
some  of  the  bars  are  found  not  answering  to  the  changed  forces,  then  their 
a-rtificial  removal  is  attended  with  permanent  benefit.  Mr.  Johnston  has, 
therefore,  pointed  out  the  possibihtythat  some  dredging  would  be  needed. 

In  this  connection,  I  may  state  that  for  some  years  it  has  been  a 
favorite  idea  of  mine  that  the  proper  treatment  of  a  case  of  this  kind 
would  be  by  a  cheap  arrangement  for  scraping  the  surface  of  the  bar, 
allowing  the  greater  part  of  the  transportation  of  material  to  be  done  by 
the  current.  No  amount  of  care  could  artificially  do  so  exactly  the  right 
amount  of  excavation  on  the  bar,  or  place  the  excavated  material  in  so 
permanent  and  beneficial  a  position  as  the  forces  themselves,  with  whose 
action  it  must  be  ultimately  in  equilibrium. 

Holding  to  the  privileges  of  a  discussion,  I  have  only  tried  to  touch  on 
one  or  two  of  the  points  in  this  question;  a  thorough  solution,  I  take  it, 
will  be  required  of  those  connected  with  the  work,  and  as  this,  it  appears, 
will  have  to  be  submitted  to  a  legislative  body,  while  the  weight  of  much 
that  they  have  to  offer  as  evidence  would  only  be  appreciated  by  the 
specialist  in  river  hydraulics,  I  feel  very  strongly  that  those  whom  ex- 
perience and  study  in  these  lines  have  qualified  for  a  fair  appreciation 
of  the  question  should,  if  they  felt  themselves  called  on  to  discuss  it, 
consider  the  main  point  squarely  on  its  merits;  and  the  main  point  is, 
will  not  the  addition  of  this  constant  discharge  to  the  Illinois  River  pro- 
duce a  tendency  to  change  in  the  bed  which  would  allow  larger  discharges 
to  pass  at  a  given  gauge  height,  than  at  present  ?  It  was  admitted  that 
this  change  might  have  to  be  assisted  at  first,  by  dredging,  and  that  the 
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specific  amount  to  be  expected  of  this  change  can  only  be  determined 
by  special  study. 

In  regard  to  a  solution  of  this  question  that  would  carry  convic- 
tion to  those  that  might  be  called  on  to  pass  upon  it,  it  has 
occurred  to  me,  from  some  experimental  investigation  that  I  have 
attempted,  that  a  very  cheap  series  of  experiments  might  help 
to  set  at  rest  any  doubts  that  might  exist  as  to  the  correctness 
of  Mr.  Johnston's  conclusions.  As  pointed  out  in  a  paper  of  mine 
in  the  Journal,  February,  1886,  we  have  discharge  (Q)  multiplied  by 
fall  (H)  as  the  energy  expended  in  a  reach,  and  the  equilibrium  of 
river  bed  with  the  forces  acting  on  it  is  expressed  by  an  equation,  Q  H 
=  / (bed),  we  may,  therefore,  study  with  some  confidence  the  general 
features  of  change  of  bed  in  a  given  -material,  in  experiments  with  very 
small  values  of  discharge  and  very  large  values  of  fall  or  slope.  Unfor- 
tunately, quantitative  values  could  not  be  reached  this  way  from  present 
ifnowledge,  since  as  yet  we  are  entirely  in  the  dark  as  to  what  are  equiv- 
alent dimensions  between  the  large  and  small  scales ;  also  the  ex- 
perimental stream  might  have  to  be  made  to  carry  silt,  and  some  trial 
required  to  determine  approximately  equivalent  times  for  adjusting  the 
variations  of  discharge  ;  but  such  [experiments  are  very  cheaply  and 
easily  made,  and  when  more  generally  undertaken  in  like  questions,  I 
believe  will  finally  prove  of  great  practical  value. 

But  entirely  beyond  the  present  and  the  local  problem,  and  the  ques- 
tion of  flood  heights  in  the  Illinois  River,  there  is  a  broader  field  to 
which  we  must  follow  the  effects  of  this  work  when  completed.  The 
fiaal  enlargement  to  a  discharge  of  15,000  cubic  feet  per  second  will  add 
to  the  volume  of  the  Mississippi  an  amount  approximately  equal  to  a 
river  one-half  the  size  of  the  Missouri  at  low  water  ;  such  an  addition  to 
flood  heights  in  a  river  as  large  as  the  Mississippi  would  be  entirely  im- 
material, even  if  imposed  on  it  (which  would  not  be  the  case)  as  an  addi- 
tional elevation,  since  it  would  here  amount  to  only  two  or  three  inches  : 
its  effect  at  low  water,  though,  merits  attention.  If  no  change  of  bed 
were  here  effected,  from  data  collected  we  could  easily  state  the  results 
of  this  addition  to  the  volume  as  follows  :  Gauge  heights  higher,  or 
depth  on  all  bars  greater  at  extreme  low  water  by  amounts  approxi- 
mately from  one  and  a  half  to  two  feet  above  Cairo,  and  something  over 
one  foot  below  Cairo,  as  far  down  as  serious  obstructions  to  navigation 
are  found.  This  in  itself,  I  think,  would  be  no  immaterial  benefit  to 
navigation,  but  that  the  increased  depth  realized  from  this  cause  would 
be  confined  to  these  values,  I  think  no  one  would  claim  ;  for,  stated 
briefly,  it  is  simply  an  addition  to  the  present  low-water  energy  of  the 
river  of  an  extra  working  force  of  more  than  650,000  horse-power, 
largely  concentrated  upon  the  bars  in  some  ratio  to  their  obstruction, 
and  employed  there  for  several  months  during  each  year  in  helping  to 
clear  out  low-water  channels. 

That  more  than  double  the  values  above  stated  might  be  expected  as 
the  finally  realized  additions  to  the  low-water  depths,  I  think  is  not  too 
large  an  estimate  ;  and  this  being  the  case,  I  see  no  reason  why  the  whole 
Mississippi  Valley,  seeing  that  they  have  a  good  thing  for  the  taking, 
should  not  want  more  of  it. 
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By  D.  J.  Miller,  Member  of  the  Western  Society  of  Engineers. 

[Read  March  1,  1887.] 

■  In  the  fall  of  1882.  I  had  the  pleasure  of  presenting:  to  this  Society  a 
brief  description  of  the  Chicago  cable  roads,  and  in  said  description 
advocated  the  introduction  of  duplicate  cables,  considering  duplication 
of  the  motive  power  of  vital  importance  to  the  perfection  of  this  system 
of  traction.  Since  then  I  have  been  able  to  carry  my  theory  into  prac- 
tice to  a  certain  extent,  and  have  had  the  satisfaction  of  demonstrating 
the  feasibility  of  what  was  at  that  time  an  untried  plan. 

Four  years  ago  there  were,  in  the  Unite i  States,  36^  miles  of  cable 
road  m  operation  and  under  construction.  January  1,  1887,  there  were 
116  miles  additional  in  operation  and  under  construction,  making  a  total 
of  152f  miles,  and  from  present  indications  it  is  fair  to  assume  that  at 
least  100  miles  will  be  added  to  the  above  figure  during  the  ensuing  year. 
While  s  )me  of  the  later  roads  contain  valuable  inprovements,  there 
are  others  the  designs  and  workmanship  of  which  could  not  well  be 
worse.  Within  the  last  year  or  two,  many  unscrupulous  speculators 
have  manifested  a  decided  interest  and  activity  in  cable  work,  attempt- 
ing, especially  of  late,  to  palm  off  on  the  public  what  they  are  pleased  to 
designate  as  some  particular  system  of  cable  traction,  the  so-called  sys- 
tem in  reality  containing  not  one  element  requisite  to  a  good  road  ;  but 
this  method  of  propulsion  has  grown  in  popularity  so  rapidly  that  many 
capitalists  willingly  invest  in  cable  roads  regardless  of  their  merits  or 
demerits.  We  have  known  of  millions  being  expended  in  constructing 
lines  which,  when  finished,  were  inferior  to  animal  traction,  so  far  as 
service  to  the  public  was  concerned,  and  from  a  financial  standpoint 
also,  the  horse  road  would  be  preferable.  Nevertheless  we  do  not  know 
of  one  in  operation  not  paying  a  fair  interest  on  the  first  cost. 

Unless  investors  exercise  extreme  caution,  and  closely  investigate 
before  absolutely  committing  themselves  to  any  plans  or  schemes  sub- 
mitted for  approval,  the  increasing  number  of  inferior  roads,  together 
with  bad  management  in  operation,  will  result  in  arou.«ing  general  in- 
dignation, and  public  sentiment  will  eventually  bear  strongly  against 
their  further  extension  and  greatly  interfere  with  future  progress  in  this 
direction. 

A  street  railway,  under  the  cable  system,  becomes  a  colossal  machine, 
and  its  etSciency  is  unquestionable,  provided  the  component  parts  are 
properly  arranged  and  cared  for,  but  with  disinterested  and  careless  or 
ignorant  attendance,  demoralization  and  destruction  must  surely  follow- 
in  the  course  of  events. 

The  serviceableness  of  a  road,  no  matter  how  meritorious  the  system,, 
can  and  will  be  materially  affected  by  mismanagement,  which  fact  can- 
not be  too  forcibly  impressed  on  stockholders,  as  in  this  case  it  means 
smaller  dividends  and  costly  repairs. 

We  find  records  of  patents,  both  foreign  and  American,  long  since 
expired,  the  drawings  and  specifications  of  which  cover  the  same  ground 
that  inventors  of  later  date  have  endeavored  to  secure  by  letters  patent. 
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For  instance,  in  an  English  patent  granted  in  1845,  a  tube  between  the 
rails  is  illustrated  with  slot  in  centre  and  a  rope  to  draw  the  car.  The 
gripper  was  provided  with  movable  parts  for  grasping  the  cable,  and 
had  wheels  intended  to  move  on  rails  or  guides  in  the  conduit. 

The  principles  demonstrated  in  the  above-mentioned  patent  are  carried 
out  in  the  roads  of  to-day. 

To  show  the  development  forty  years  ago  in  cable  traction,  we  give  a 
few  extracts  from  a  description  of  the  London  &  Blackball  Railway, 
published  in  1852,  a  copy  of  which  was  kindly  furnished  us  by  Gen. 
Charles  Fitz.simmons. 

"A  pair  of  powerful  marine  engines  were  erected  at  each  end  of  the 
line,  to  which  the  drums  for  winding  up  the  rope  were  connected  by 
friction  clutches.  The  drums  were  of  cast  iron,  each  twenty-three  feet 
in  diameter,  and  their  circumference  revolved  on  an  average  of  twenty-six 
miles  per  hour.  The  rope  was  five  and  three-fourths  inches  in  circum- 
ference and  being  upward  of  six  miles  in  length,  weighed  about  forty 
tons,  and  was  sufficiently  long  to  reach  from  one  end  of  the  line  to  +he 
other,  when  somewhat  more  than  one-half  the  rope  was  wound  upon  one 
of  the  drums.  The  cable  was  supported  along  the  line  by  cast  iron 
wheels  or  sheaves,  three  feet  in  diameter  and  seven  and  one-half  inches 
in  width,  which  not  only  prevented  the  rope  from  trailing  upon  the 
ground,  but  also  guided  it  around  the  curved  portions  of  the  line.  The 
carriages  were  connected  to  the  rope  in  such  a  manner  that  they  could 
be  instantly  released  without  stopping  the  motion  of  the  rope,  and  again 
connected  if  required."  In  the  foregoing  we  find  the  following  points 
of  interest  :  First,  the  cars  could  be  detached  from  and  again  attached  to 
the  rope  while  the  latter  was  in  motion.  Second,  the  cable  moved  at  the 
rats  of  twenty-six  miles  per  hour.  Third,  the  winding  drums  were  of 
sufficient  capacity  to  store  three  miles  of  one  and  seven-eighths  inch 
rope,  weighing  twenty  tons.  Fourth,  these  drums  were  connected  to  the 
engines  by  friction  clutches. 

As  copies  of  foreign  patents  were  not  formerly  filed  in  the  United  States 
Patent  Office,  it  is  probable  that  Gardner  was  not  cognizant  of  the  exist- 
ence of  a  similar  English  patent,  when  he  obtained  the  American  patent 
in  1858  on  the  conduit  and  slot  for  traction  rope  railways. 

In  1869  a  patent  was  issuea  to  Gen.  G.  T.  Beauregard  covering  some 
minor  details,  but  the  drawings  represented  a  grip  having  jaws  that 
could  close  on  a  moving  cable,  and  the  friction  caused  by  this  contact 
would  start  the  car  as  easily  as  might  be  desired.  In  this  design,  the 
cable  was  above  the  car. 

Gardner's  specifications  refer  to  a  grip  (calling  it  a  catch)  connected  to 
the  car,  projecting  through  the  slot,  and  engaging  with  the  cable  in  the 
conduit,  and  these  inventions  embodied  the  rudimental  principles  of  the 
present  system  of  traction  rope  railways.  Forty -five  patents  on  traction 
were  issued  in  the  United  States  prior  to  1872.  Of  this  number,  four 
were  granted  to  Mr.  A.  S.  Haliidie  of  San  Francisco,  on  running  and 
carrying  ropes,  but  were  not  applicable  to  the  propulsion  of  street  cars. 

In  1872  Mr.  Haliidie  obtained  his  first  patent  on  the  grip,  the  drawings 
•of  which  illustrated  a  vertical  shank  intended  to  extend  from  the  floor 
'^of  the  car,  through  the  slot  and  into  the  conduit,  with  wheels  or  jaws  on 
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the  lower  end  for  gripping  the  cable,  but  the  principal  points  were  not 
covered  in  the  patent. 

In  constructing  the  first  cable  road,  Clay  street  Hill,  San  Francisco, 
the  Gardner  tube,  and  above  described  priaciples  of  the  Hallidie  grip, 
together  with  the  Beauregard  grip  jaw  were  adopted,  with  modifications 
and  improvements. 

The  second  road  constructed  was  on  Sutter  street,  San  Francisco,  and 
this  differed  somewhat  in  detail  from  the  line  on  Clay  street  hill.  The 
general  arrangement  of  the  grip  was  considered  so  satisfactory  that  it 
was  afterward  adopted  on  nearly  every  road  in  San  Francisco,  and  this 
grip,  with  other  improvements,  was  designed  by  Mr.  Asa  E  Hovey,  the 
engineer  of  the  road,  who  has  for  the  past  six  years  been  connected  with 
the  Chicago  roads. 

To  San  Francisco  belongs  the  credit  of  operating  the  first  street  surface 
cable  road;  yet  Philadelphia,  by  the  invention  of  Gardner,  must  be 
accredited  with  the  tube  or  conduit.  But  beyond  question  the  undertak- 
ing in  Chicago  was  attended  with  the  greatest  risk,  as  it  had  always  been 
supposed  that  such  a  road  could  not  be  successfully  operated  m  a  cold 

climate. 

To  Mr.  Holmes  we  must  concede  great  foresight,  and  to  him  the  cable 
road  owes  advancement  and  superiority  of  construction  as  well.  When  the 
Chicago  roads  were  projected,  there  were  but  sixteen  miles  of  cable  road 
in  operation  in  the  world,  and  during  the  year  1881,  the  fines  constructed 
in  the  above-mentioned  city  were  on  a  larger  scale,  and  more  improved 
in  detail,  than  anything  of  the  kind  previously  built. 

From  the  beginning  the  evolution  has  been  gradual,  until  we  now  have 
a  system  destined,  doubtless,  to  entirely  supersede  animal  traction,, 
wherever  the  traffic  will  guarantee  the  necessary  outlay. 

While  single  rope  roads  can  be,  and  are  operated  successfully,  they  are 
nevertheless  not  entirely  satisfactory,  owing  to  the  frequent  stoppage 
for  repairs,  whereby  the  public  is  greatly  discommoded,  not  to  mention 
the  money  loss  of  the  railroad  company,  and  to  overcome  this  acknowl- 
edged defect  we  have  duplicated  the  motive  power  throughout.  All 
machinery  must  be  especially  designed  for  its  work,  and  no  detail 
neglected,  as  the  operating  expense  of  motive  power  is  governed  almost 
entirely  by  its  arrangement,  as  is  also  the  continuous  running  of  the  cars. 

Machinery  and  cables  cannot  give  as  good  service  in  constant  use  as 
when  the  necessary  time  can  be  devoted  to  inspection  and  repairs;  and 
on  single  rope  roads,  the  two  or  three  hours  available  in  the  morning  are 
not  sufficient  to  thoroughly  inspect  the  cable  alone;  while  with  the  dupli- 
cate cables  all  cars  can,  at  any  time,  be  transferred  to  the  second  rope 
without  interruption  to  traffic. 

Considering  the  success  of  the  duplicate  system,  and  the  great  advan- 
tages secured  by  its  adoption,  we  feel  justified  in  giving  a  description  of 
some  of  the  principal  details,  showing  how  the  ropes  are  worked  inde- 
pendently. 

At  the  point  where  the  cable  is  first  carried  into  the  conduit,  sheaves 
four  feet  in  diameter  (called  elevating  sheaves)  are  used  to  elevate  the 
rope  to  a  line  where  it  may  be  received  into  the  gripper.  On  single 
rope  roads  these  sheaves  are  set  on  the  line  of  slot,  and  grip  guided 
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around  said  elevating  sheaves,  then  brought  to  where  cable  is  received  by 
a  very  sharp  reverse  curve  in  slot  and  track  rails,  making  an  offset  in 
the  slot,  of  four  and  one-half  inches  in  a  length  of  less  than  five  feet. 
As  these  short  reverse  curves  are  troublesome,  I  abandon  them,  placing 
the  sheave  in  a  frame  having  trunnions  at  the  ends  on  which  the  wheel 
tilts. 

This  tilting  is  accomplished  by  a  horizontal  lever  moving  in  a  vertical 
plane  and  is  operated  by  the  grip  as  the  car  passes.  The  normal  line  of 
the  elevating  sheave  is  in  the  line  of  the  travel  of  the  grip,  and  as  the  car 
approaches  the  grip  rides  on  a  horizontal  lever,  which  is  depressed  by 
the  movement  and  weight  of  the  grip,  and  in  turn  tilts  the  sheave.  The 
grip  then  passes,  the  sheave  resumes  its  former  position  and  the  cable  is 
laid  between  the  grip  jaws.  Machinery  thus  operated  weighs  several 
hundred  pounds,  and  to  manipulate  it  with  safety  every  two  or  three 
minutes  the  year  round,  while  the  cable  is  moving  8  or  10  miles  per 
hour,  necessitates  close  calculation.  To  allow  one  second  of  time  for  the 
performance  of  the  operation  above  described,  a  run  of  from  10  to  13 
feet  is  indispensable,  and  for  this  reason  the  horizontal  levers  are  about 
10  feet  long,  for  if  the  work  were  performed  with  2  or  3-foot  movement 
of  the  car,  the  contact  of  any  metal  bar  with  the  grip  would  be  as  de- 
structive as  blows  from  a  sledge-hammer.  The  cable  having  been  thus 
received  into  the  gripper  at  the  starting  point,  is  carried  to  the  end  of  the 
line,  passing  freely  through  the  grip  jaws  in  bringing  cars  to  a  stand- 
still.    Reference  will  be  made  to  the  grip  later  on. 

CONDUIT,   PULLEY  VAULTS  AND  DRAINAGE. 

Complete  drainage  must  be  provided  for  conduit  and  vaults.  In  our 
experience  the  debris  from  the  street  passes  through  the  slot,  obstruct- 
ing the  free  flow  of  water,  and  where  carrying  pulleys  are  placed  in  the 
main  conduit  water  collects  about  the  wheel.  While  this  is  objection- 
able in  summer,  it  works  untold  damage  to  cable  and  wheels  in  severe 
winter  weather.  I  have  known  of  instances  where  a  majority  of  the 
wheels  have  been  totally  ruined  by  an  attempt  to  start  and  run  the  road 
after  a  short  stoppage  on  a  cold  day.  The  wheels  being  stationary,  the 
moving  rope  soon  made  sad  havoc. 

Where  carrying  pulleys  are  placed  in  main  conduit,  the  wheels  are 
necessarily  small,  conduit  deep,  and  first  cost  of  construction  excessive. 
To  avoid  these  objectionable  features  I  introduced  carrying  pulley  vaults* 
see  Fig.  1,  at  intervals  of  35  feet,  giving  ample  space  for  pulleys  of 
desired  diameter,  and  also  for  the  admission  of  a  man  having  charge  of 
said  pulleys. 

In  excavating  for  structural  work,  a  sewer-pipe  is  laid  beneath  the 
main  conduit,  from  one  pulley  vault  to  the  other,  and  the  grade  may  be 
independent  of  that  of  the  street.  Outlets  are  provided  where  necessary, 
and  are  connected  with  street  sewer  if  possible. 

This  system  of  drainage  allows  the  unobstructed  passage  of  water  from 
the  main  conduit  into  the  vaults,  thence  to  the  city  sewers,  thus  securing 
perfect  drainage  for  the  entire  road. 

By  adoption  of  the  above-mentioned  vaults,  we  are  enabled  to  reduce 
the  size  of  the  main  conduit  to  a  depth   of  two  feet,  and   a  width  of  15 
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inches  at  largest  section,  thereby  materially  reducing  the  first   cost  of 
construction. 

The  slot  rail  used  allows  the  grip  to  be  carried  nearer  the  street  sur- 
face than  in  any  other  system,  and  is  formed  with  oval  corners,  prevent- 
ing the  fastening  of  horses'  shoes,  which  are  endangered  by  sharp  cor- 
nered rails. 

CARRYING  PULLEYS. 

In  examining  the  working  and  condition  of  carrier  pulleys  on  several 
cable  roads,  I  concluded  that  there  was  room  for  improvement  in  their 
•design,  and  also  that  the  journal  boxes  for  same  were  capable  of  better- 
ment. A  poorly  balanced  wheel  will  injure  the  cable  and  assist  in  its  own 
destruction,  and  it  is  my  opmionthat  there  are  roads  on  which  the  carry- 
ing pulleys  alone  cost  more  than  the  cable. 

I  have  endeavored  to  design  a  pair  of  wheels  sufficiently  wide  to  prevent 
the  rope  from  leaving  same;  also  have  them  large  and  light  enough  to 
move  slowly  and  easily  on  the  journal  boxes. 

The  carrying  pulleys  of  this  system  are  twenty-four  inches  in  diameter 
over  flanges,  and  six  and  one-half  inch  face.  Each  wheel  weighs  thirty- 
nine  pounds  independent  of  shaft.  The  journals  are  seven-eighths  inch  in 
diameter  and  three  and  one-half  inches  long,  running  in  a  composition 
box  which  was  made  up  especially  for  the  purpose.  This  metal,  under 
the  load  and  speed,  has  served  with  absolutely  no  attention  for  six 
months. 

On  the  Tenth  avenue  cable  road,  in  New  York,  there  are  upward  of 
1,900  carrying  pulleys,  half  of  them  in  constant  operation  for  22  hours  a 
day. 

Two  men  only,  at  $1.75  each,  take  entire  charge  of  all  wheels  con- 
nected with  the  road,  starting  at  one  end  of  the  line  in  the  morning  and 
arriving  at  the  terminus  at  the  close  of  the  day.  These  men  w^alk 
slowly  over  the  route,  listening  to  the  running  of  pulleys  as  they  pass 
same.  Should  they  expose  each  pair  of  wheels  there  would  be  950  cov- 
ers, weighing  250  pounds  apiece,  for  them  to  remove  and  replace,  and  at 
best  not  more  than  40  could  be  examined  in  one  day,  consequently  were 
it  not  for  the  afore-mentioned  arrangement  of  boxes,  men  Avould  be 
needed  every  few  blocks  on  the  avenue.  This  road  has  been  in  operation 
eighteen  months,  and  the  original  wheels  are  still  in  use,  several  of 
which  we  have  calipered,  and  find  no  perceptible  wear. 

With  all  this  in  their  favor,  we  have  to  record  one  fault,  and  that  is 
their  resonance.  The  ringing  sound  has  been  distinguished  for  a  dis- 
tance of  200  feet  when  the  street  was  perfectly  quiet,  and  this  can  only 
be  totally  destroyed  by  lining  the  sheaves  with  a  non-metallic  substance, 
an  expenditure  hardly  justifiable  except  on  streets  used  exclusively  for 
resideace,  as  the  noise  is  not  particularly  noticeable  on  a  business  thor- 
oughfare. 

CURVES.      (SEE  FIGS.   2  AND  3.) 

The  conduit  is  3  feet  deep  on  curves,  and  cables  are  carried  around  a 
different  elevations,  the  line  of  inner  rope  being  14  inches  and  the  outer 
24  inches  below  grade.     The  horizontal  wheels  are   32  and  40  inches  in 
diameter.     The  first  or  top  wheel  has  a  flat  face,  against  which  the  grip 
takes  bearing  and  thereby  hinders  the  inner  cable  from  leaving  the  grip 
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in  case  the  car  is  stopped  on  the  curve  when  the  latter  rope  is  in 
operation.  This  inner  cable  rests  on  or  runs  against  the  sin^ile  groove 
sheave  (represented  in  drawing)  between  the  top  flat-faced  wheel  and 
the  lower  conical  wheel,  and  said  conical  wheel  has  a  spiral  groove  for 
guiding  the  outer  and  lower  rope  (when  in  use)  down   to  its  proper  line 


Fig.   I. — Traction   Rope   Railways. 

Transverse  sectional  view  of  conduit  at  carrying  pulley  vanlt,  showing  pulleys  in. 
position,  end  view  of  grip,  one  cable  in  grip  and  the  second  rope  testing  on  its 
supporting  or  carrying  pulley. 

after  the  grip  has  passed.  These  wheels  are  placed  every  4  feet  on  sharp 
curves  of,  say,  40  or  50  feet  radius,  and  at  8,  12  or  16  feet  where  there  is 
less  curvature. 

The  cast-iron  riser  of  the  yoke   supports  the   street  from  the  central 
slot  to  the  concrete  wall,  a  distance   of  15   inches   from  the   inner  rail. 
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Cast  brackets  are  placed  immediately  above  the  risers  aforementioned, 
and  support  the  cast-iron  grating  of  the  street,  which  extends  the  length 
of  curve,  presenting  a  uniform  surface  far  superior  to  the  usual  paving. 

MOTIVE  POWER. 

The  building  containing  the  motive  power  of  the  Tenth  avenue  cable 
road  is  situated  on  the  east  side  of  Tenth  avenue,  having  a  frontage  of 
one  block  (two.lmndred  feet).  The  plant  consists  of  two  twenty-eight  by 
forty-eight  Wright  engines,  arranged  to  be  operated  together  or  inde- 
pendently, as  may  be  required.  One  continuous  line  of  main  shafting  is 
used,  transmitting  power  tj  four  driving  drums,  each  pair  being  con- 
nected by  a  system  of  gears,  and  power  transmitted  from  the  main  shaft 
by  friction  clutches,  which  are  composed  of  sixteen  wrought-iron  and 
steel  plates,  each  three-eighths  inch  thick  by  four  feet  in  diameter. 
These  plates  give  sufficient  area  in  square  inches,  so  that  the  pressure 
applied  to  operate  one  rope  will  not  force  the  lubricant  from  between 
their  surfaces.  The  driving  drums  are  ten  and  one-fourth  inch  face, 
with  five  grooves  each,  which  are  about  twelve  feet  in  diameter,  the  first 
groove  on  the  first  drum  being  the  largest;  the  first  groove  on  the  second 
drum  is  one-eighth  inch  less  in  circumference  than  the  first  grove  on  the 
first  drum,  and  all  other  grooves  are  reduced  successively  in  the  same 
ratio.  Each  pair  of  driving  drums  has  an  independent  train  of  driving 
gears,  and  in  the  centre,  between  the  drums,  a  pair  of  eight  by  eight  up- 
right engines  are  located.  These  are  connected  together  and  so  arranged 
that  they  can  be  thrown  in  gear  to  operate  the  main  drums. 

To  avoid  accidents  and  stoppage  of  the  road  from  stranding  of  the  rope 
it  is  necessary  to  frequently  examine  the  cable  to  keep  it  in  perfect  order 
To  do  this  thoroughly,  the  rope  should  be  detached  from  the  main 
machinery  and  operated  at  a  slow  rate  of  speed.  The  service  required 
of  the  auxiliary  engines  is  to  move  the  rope  slowly  for  examination,  run 
an  old  rope  out  and  a  new  one  in,  or  for  any  repairs  necessary  on  the 
main  machinery.  The  driving  machinery  being  divided  into  2  sets  of 
4  driving-drums  each,  and  each  set  having  the  drums  arranged  in 
pairs,  the  auxiliary  engines  between  same  can  be  connected  to  operate 
either  pair  as  may  be  desired.  The  cables  are  taken  in  around  said 
drums  and  make  2  or  3  wraps,  then  pass  to  the  tension  wheel, 
which  is  on  a  car,  and  traverses  a  track  in  the  rear  of  the  driving  machin- 
ery, then  is  carried  out  into  the  street  again.  With  cables  about  4 
miles  in  length,  they  give  a  movement  to  the  tension  car  of  from  4  to  5 
feet,  making  from  8  to  10  feet  of  rope  to  be  disposed  of  every  few 
minutes,  thus  continually  moving  the  tension-car  back  and  forth. 

As  the  car  with  the  wheel  is  quite  heavy,  its  movement  is  not  easily 
checked,  and  a  quantity  of  rope  is  usually  payed  out  and  received  into 
the  building,  which  would  not  be  the  case  if  car  were  properly  governed. 
This  duplicate  system  has  been  provided  with  an  automatic  variable  ten- 
sion, decreasing  or  increasing  the  tensile  strain  on  the  traction  rope  as  the 
circumstances  may  require. 

CABLES. 

Each  cable  for  the  Tenth  avenue  road  was  manufactured  complete  in 
one  piece  and  shipped  to  138  street  and  Tenth  avenue,  mounted  on  a  sin- 
gle reel,  which  with  cable  weighed  94,000  pounds. 
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Cables  used  on  the  majority  of  roads  are  composed  of  six  strands, 
eacli  strand  having  nineteen  wires,  seven  of  them  forming  the  heart, 
around  which  the  remaining  twelve  are  wrapped  ;  and  these  latter  receive 
all  the  wear.  One  of  the  Tenth  avenue  cables  has  seven  small  and  nine 
larger  outer  wires,  w^hile  the  second  rope  is  composed  of  nine  small  inner 
wires  with  ten  larger  outside  wires.  This  change  in  the  size  of  wires  was 
made  by  the  rope  manufacturers  as  an  experiment. 

For  every  mile  of  single  track  there  are  over  one  hundred  and  fifty 
carrying  pulleys,  and  on  a  road  running  ten  miles  per  hour  for  24  hours 
the  cable  will  pass  over  thirty-six  thousand  carrying  pulleys  each  day  ; 
there  are  also  horizontal  wheels  on  curves,  and  several  large  sheaves  in 
wheel  vaults,  and  should  any  number  of  the  above  be  out  of  order  the 
cable  must  be  seriously  injured. 

ESTIMATE  COST   OF  CABLE  ROADS. 

Many  inquiries  have  been  made  concerning  the  cost  of  a  good  cable 
road,  and  the  operating  expenses  of  the  same.  We  give  below  some  in- 
formation on  this  subject,  and  although  the  different  items  are  not  de- 
tailed, the  figures  are  sufficiently  accurate  for  the  purpose.  The  estimate 
is  for  2^  miles,  everything  included  : 

23^2  miles  road-bed  complete,  paving  included $319,000 

Plant,  including  real  estate,  buildings  and  motive  power  complete  113,500 

Rolling  stock 70,000 

.$503,500 
Add  10  per  cent,  for  miscellaneous  expenses 50,250 

Giving  total  cost  of  road  and  equipment $552,750 

Operatmg  expenses  per  year,  $102,953.  To  this  add  interest  at  5  per 
cent,  on  first  cost  of  road,  say  $300,000,  $30,000,  making  total  oper- 
ating expense  132,953 

This  would  require  a  traffic  of  2,659,060  per  annum.  The  excursion 
traffic  being  a  large  item  with  all  cable  roads,  we  will  therefore  allow  25 
days  during  the  year  in  which  20,000  passengers  will  be  carried,  making 
500,000,  leaving  2,159,060  passengers  to  be  carried  in  the  remaining  340 
days,  which  gives  us  6,350  passengers  per  diem. 

If  75  per  cent,  of  this  number,  or  2,000  per  mile  per  day,  can  be  cal- 
culated on  with  a  horse  road,  it  will  be  perfectly  safe  to  invest  in  the 
cable  system  owing  to  the  increase. 

As  the  above  is  for  2i  miles,  one  mile  of  road  will  cost  $221,100.  By 
multiplying  the  letter  figure  by  the  number  of  miles  desired  to  build,  a 
close  and  reliable  estimate  will  be  obtained.  Tlie  foregoing  covers  real 
estate,  buildings  and  equipment.  Operating  expense  covers  officers'  sala- 
ries, pay  of  employes,  taxes,  and  in  fact  ever}'-  item  of  expense  connected 
with  the  operation  of  the  road. 

It  must  be  borne  in  mind  that  the  estimate  given  above  covers  the  ex- 
pense of  making  435  round  trips  every  24  hours. 

To  perform  this  work  with  animal  traction  would  require  272  horses  on 
a  comparatively  level  road,  which  would  cost  annually  for  mamtenance 
and  renewals .  $59,568 

The  operating  expenses  of  the  motive  power  with  the  cable  system 26,640 

Showing  saving  annually  effected $32,928 

The  estimate  on  cost,  and  also  operating  expenses,  are  liberal,  but  the 
minimum  number  of  horses  have  been  considered.     With  animal   trac- 
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tion,  there  could  be  no  sudden  expansion  of  the  carrying  capacity  ;  but 
with  a  road  such  as  described  above  it  is  only  necessary  for  a  railroad 
company  to  have  adequate  rolling  stock  and  they  are  prepared  for  any 
emergency.  There  is  no  other  system  of  traction  that  can  so  readily 
respond  to  the  demand  of  traffic  for  increased  accommodation. 

Two  passenger  cars  can  be  attached  to  a  single  grip- car  and  carry, 
easily,  125  passengers.  And  by  supplying  cars  sufficient  to  despatch  one 
train  every  minute  a  carrying  capacity  of  7,500  per  hour  in  one  direc- 
tion would  be  secured,  or  a  total  of  15,000  passengers. 

The  estimate  of  cost  here  given  is  based  on  prices  and  conditions  for 
construction  of  roads  in  large  cities  such  as  New  York,  Philadelphia,  Bos- 
ton and  Chicago.  For  smaller  cities  considerable  reduction  might  be 
made. 

As  this  paper  is  now  quite  lengthy,  we  deem  in  advisable  to  bring  it  to 
a  close,  omitting  several  subjects  upon  which  we  had  intended  to  treat  ; 
and  trusting  we  may  be  able  to  furnish  a  supplement  in  the  near  future. 
We  give  in  conclusion  a  list  of  the  cable  roads  now  in  operation  and  under 
construction. 

LIST    OF    CABLE  ROADS  IN   OPERATION   AND  UNDER  CONSTRUCTION  IN  THE 
VARIOUS  CITIES   IN  THE  UNITED   STATES. 

Chicago. 

Chicago  City  Railway  Company  :  Cottage  Grove  Avenue,  and  State 
Street  Lines,  20i  miles,  in  operation  since  1882;  State  Street  and  63d. 
Street  Line,  4  miles,  under  construction  :  Cottage  G-rove  Avenue  Exten- 
sion, 4  miles,  under  construction. 

North  Chicago  City  Ry.  Co. :  14  miles,  under  construction. 

Cincinnati. 
Mt.  Adams  &  Eden  Park  Inclined  R.  R.  Co.  :     Walnut  Hills  &  Cincin- 
nati Line,  8  miles,  in  operation  since  October  1,  1886. 

Kansas  City. 
Kansas  City  Cable  Ry.  Co.  :  4  miles,  in  operation  since  June,  1885. 
Metropolitan  Ry.  Co.  :  14  miles,  under  construction. 
Corrigan  Consolidated  Ry.  Co.  :  16  miles,  under  construction. 

New  York  City. 
Third  Avenue  R.   R.   Co.  :  duplicate  system  ;  Tenth   Avenue  Lme,  6 
miles,   in   operation   since  August,   1885  ;  125th  Street  Line,  4^  miles,  in 
operation  since  December  1,  1886. 

Philadelphia. 
Philadelphia  Traction  Co. :  Market  Street  Line,   8  miles,  in  operation 
since  the  spring  of  1885  ;  Sansom  Street  Division,  4  miles,  in  operation 
since  October,  1886  ;    Columbia  Avenue  Division,   6  miles,  in  operation 
since  the  beginning  of  1885. 

St.  Louis. 

St.  Louis  Cable  &  Western  Ry.  Co.:  6  miles,  in  operation  sirce  April, 

1886. 

San  Francisco. 

California  Street  Cable  R.  R.  Co. :  5^  miles,  in  operation  since  1876. 
Clay  Street  Hill  R.  R.  Co.:  2  miles,  in  operation  since  August,  1873. 
Geary  Street  Park  &  Ocean  R.  R.  Co. :  5  miles,  in  operation  since  1880, 
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Market  Street  R.  R.  Co.:  Market  street  ani  branches,  16^  miles,  in 
operation  since  1884. 

Omnibus  R.  R.  &  Cable  Co. 

Sutter  Street  R.  R.  Co. :  3^  miles,  in  oi^eration  since  1876. 

Telegraph  Hill  Street  Ry,  Co. :  3,120  feet. 

Several  miles  of  road  have  recently  been  put  in  operation  in  Melbourne, 
Victoria,  and  about  four  years  ago  a  road  was  built  in  New  Zealand.  In 
1884,  2  or  3  miles  were  constructed  in  London,  England. 


DISCUSSION    BY  MR.   AUGUSTINE  W.    WRIGHT. 

I  hav3  listened  with  interest  to  the  paper  just  read,  describing  Mr. 
Miller's  Duplicate  Cable  System,  and  will  attempt  lo  follow  the  same  in 
what  I  may  say. 

In  "  Wood's  Treatise  on  Railways,"  there  will  be  found  the  following  : 
"  In  the  year  1788,  Mr.  Reynolds  completed,  at  the  Ketley  Iron-Works, 
an  inclined  plane,  formed  of  a  double  iron  railroad,  by  which  a  loaded 
boat  in  passing  down  a  frame,  constructed  for  the  purpose,  drew  up  the 
boats  which  were  empty.  Since  that  time  many  inclined  planes  have 
been  made  upon  railroads  for  the  purpose  of  drawing  up  the  empty  car- 
riages by  the  gravitating  power  of  the  loaded  carriages  down  the  plane." 
*  *  *  "  In  1808,  Mr.  Cooke  erected  an  engine  upon  Bertley  Fell,  in 
the  County  of  Durham,  to  draw  the  loaded  carriages  up  the  Capetts  Col- 
liery, across  the  Durham  and  Newcastle  turnpike  road,  in  a  steep  ascent ; 
and  since  that  time  they  have  been  much  used  upon  the  railroads  in  the 
neighborhood  of  Newcastle." 

The  members  present  are  doubtless  all  aware  that  when  the  Liverpool 
and  Manchester  Railway  was  about  completed  the  question  of  motive 
power  had  to  be  considered.  It  was  the  original  intention  to  operate  that 
road  b}^  horse-power,  but  the  cost  of  construction  proved  so  great  that  it 
became  evident  that  all  the  toll  earned  by  horse  transportation  would  not 
suffice  for  maintenance  and  interest  on  the  investment.  The  Board  of 
Directors  thereupon  decided  to  refer  the  question,  "  What  under  all 
circumstances  is  the  best  description  of  moving  power  to  be  employed 
upon  Liverpool  &  Manchester  Railway"  to  a  committee  consisting  of 
Rastrick,  Walker  and  (Robert)  Stephenson,  three  of  the  most  eminent 
engineers  in  England.  Rastrick  and  Walker  reported  in  favor  of  station- 
ary engines,  Stephenson  in  favor  of  locomotives.  I  have  that  report  in 
my  library,  and  it  is  very  interesting  at  this  day.  The  plan  proposed 
was  to  have  a  train  moving  toward  the  power  station  draw  a  tail  rope. 
The  next  train  in  the  opposite  direction  would  be  drawn  by  the  tail  rope 
of  the  first  train  and  draw  behind  it  a  rope  to  be  used  by  the  next  train 
in  the  opposite  direction,  etc. 

The  cable  system  of  to-day  originated  with  the  construction  of  the  Clay 
Street  Hill  Cable  Railway  in  1873,  by  A.  S.  Hallidie  and  a  few  friends,  in 
San  Francisco.  The  grades  of  Clay  street  were  so  steep  that  property  was 
not  worth  much,  but  the  chances  of  success  in  the  proposed  cable  road 
were  considered  so  slight  that  property  owners  preferred  to  donate 
money,  not  deeming  the  stock  of  any  value.  The  road  was  an  immedi- 
ate success,  and  the  system  was  introduced  upon  other  roads  in  San 
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Francisco.     The  steep  grades,  17  feet  in  100,  of   San  Francisco  were  very 
favorable  for  cable  operation,  as  compared  with  horse-power, 

I  agree  most  heartily  with  all  Mr.  Miller  says  of  our  fellow  member 
Mr.  Charles  B.  Holmes,  of  Chicago.  It  required  no  ordinary  amount  of 
pluck  and  determination  for  Mr.  Holmes  to  peril  his  business  reputation 
and  advise  his  company  to  risk  millions  in  the  construction  of  a 
cable  road  in  Chicago,  when  the  variations  of  temperature,  the 
•climatic  and  traffic  conditions  were  so  great.  I,  for  one,  must 
admit  that  the  venture  did  not  meet  with  my  approval. 
I  did  not  believe  it  possible  to  use  a  cable  twenty-five  thousand  feet 
long  and  in  addition  to  moving  all  the  cars  with  their  loads  propel 
another  cable  passing  around  five  curves  of  about  50  feet  radius  and 
angles  of  90  degrees.  It  is  estimated  that  twenty-eight  horse-power  is 
required  for  each  curve,  but  this  rope  does  the  business.  As  to  the  amount 
of  debris  that  drops  into  the  conduit  through  the  ^slot  opening  in  the 
street,  this  will  vary  not  only  with  every  city,  but  with  each  block  of 
any  street.  If  the  adjoining  streets  are  unpaved  each  vehicle  will  carry 
a  greater  or  less  amount  of  mud  onto  the  paved  street,  where  it  drops  off. 
I  am  informed  that  the  average  depth  of  mud  dropping  into  the  Chicago 
City  Railway  conduit  does  not  exceed  one  and  a  half  or  two  and  a  half 
inches  deposit  in  winter  months. 

Cutting  the  Carrying  Sheaves. — Ordinarily  there  are  provided  165 
carrying  sheaves  per  mile  of  single  track  cable  railway.  The  tend- 
ency was  to  make  these  carrying  sheaves  of  the  largest  possible 
diameter,  thus  lessening  the  amount  of  power  requisite  to  propel 
them.  With  the  same  size  journal,  it  is  evident  that  the  amount 
of  power  required  to  turn  the  sheave  will  vary  inversely  as  its  radius. 
For  instance,  suppose  that  your  journal  is  one  inch  in  diameter. 
If  the  carrying  sheave  be  12  inches  in  diameter,  and  it  required  two 
pounds  pull  to  turn  it,  should  you  substitute  a  carrying  sheave  of 
24  inches  diameter,  one  pound  would  sufiice  ;  but  this  leverage  works 
both  ways.  Suppose  you  get  one  pound  of  ice  or  frozen  mud  on  the 
rim  of  your  carrying  sheave.  If  one  pound  pull  suffices,  ordinarily 
applied  to  the  circumference,  to  revolve  the  sheave,  it  is  obvious 
that  it  will  not  revolve  against  the  level  of  one  pound  of  ice, 
and  the  cable  would  in  a  short  time  cut  into  and  ruin  the  sheave.  The 
carrying  sheaves  upon  the  Chicago  City  Railway  were  first  made  16 
inches  in  diameter,' but  the  ice,  etc.,  stopped  their  turning,  and  sheaves 
of  12  inches  diameter  have  been  substituted.  The  resonant  ringing  sound 
of  which  Mr.  Miller  speaks  is  attributed  frequently  to  the  method  of 
carrying  or  supporting  the  sheave.  If  it  is  supported  by  wire  lugs  on  the 
wire  yoke  the  vibration  is  thought  to  be  increased.  To  lessen  this  noise 
Messrs.  Knight  &  Bontecou,  engineers  of  the  Grand  Avenue  Cable  road 
in  Kansas  City,  support  the  carrying  sheaves  on  brick  piers. 

Regarding  the  construction,  I  should  differ  from  Mr.  Miller.  To  my 
mind,  each  cable  road  should  7iot  be  built  and  planned  entirely  to  with- 
stand the  street  traffic.  Where  great  variation  in  temperature  exists, 
any  structure  strong  enough  to  withstand  the  contraction  and  expansion 
of  the  paving  or  material  composing  the  street  surface  will  have  abundant 
strength  to  carry  any  ordinary  street  traffic.  The  various  roads  have 
cost  from  $30,000  to  $105,000  per  mile  of  single  track  for  street  work. 
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Regarding  the  Duplicate  Cable  System,  1  would  ^ay  that  it  ie,  in  my 
opinion,  simply  increasing  the  first  cost  as  a  matter  of  insurance  against 
detention,  and  I  question  whether  it  is  worth  the  cost.  Tliis  system  is 
in  use  upon  the  Tenth  avenue  road  of  New  York  City  and  was  put  in 
upon  the  Kansas  City  Cable  road,  but  afterward  abandoned.  The  rea- 
sons given  were  as  follows  : 

*'  1st.  It  took  more  time  to  change  from  one  cable  to  the  other  than 
■was  required  to  repair  a  damaged  cable. 

'*  2d.  The  idle  cable  got  cut  and  chafed  by  the  running  cable  to  such 
an  extent  as  to  render  it  useless  when  most  required. 

"  3d.  The  idle  cable  by  lying  in  the  tunnel  got  covered  with  grit  and  dirt, 
which  is  very  injurious  to  it.  This  objection  could  be  overcome  by  mov- 
ing the  idle  cable  slowly  with  special  engines  erected  for  that  purpose. 

"  4th.  It  involved  increased  expenditure  of  capital  and  labor  for  which 
there  was  no  adequate  return." 

Carrying  Sheaves, — Regarding  this  question,  Mr.  Henry  Root,  engineer' 
of  the  Market  street  road  in  San  Francisco,  informed   me  that   ordinary 
carrying  sheaves  had  been  ruaning  since  1878  in  that  city.     The  carrying 
sheave  should  be  accurately  balanced  and  trued  up  on  emery  wheels. 


REPLY  TO   MR.  WRIGHT — BY  MR.  MILLER. 

Engineer  Wright  very  honestly  admits  that  the  construction  of  the 
<?able  roads  in  Chicago  did  not  meet  with  his  approval,  which  is  putting  it 
very  mild,  to  say  the  least. 

Mr.  Wright  remarks  "  that  it  is  estimated  that  28  horse-power  is  re- 
quired for  each  curve,"  presumably  referring  to  the  curves  on  the  Chi- 
cago road.  We  take  it  for  granted  that  he  means  the  power  required  to 
move  the  cable,  cars  and  passengers.  For  the  four  curves  on  the  Slate 
street  road,  with  nine  miles  of  single  track,  it  required  about  115  horse- 
power to  move  cables,  carrying  and  guiding  pulleys,  independent  of  driv- 
ing machinery  or  cars. 

Mr.  Wright  says,  "ordinarily  there  are  provided  165  carrying  sheaves 
per  mile  of  single  track,"  and  we  presume  that  he  has  reference  to  wheels 
as  spaced  in  Chicago,  namely,  at  intervals  of  32  feet.  In  New  York  we 
place  them  at  intervals  of  35  feet. 

We  judge  that  the  information  given  by  Mr.  Wright  ia  regard  to 
hanging  the  pulleys  is  second  hand,  and  that  he  does  not  speak  from 
personal  knowedge  on  this  subject.  In  our  experience  we  have  found 
that  a  wheel  attached  to  the  truss  of  the  road-bed,  or  resting  on  sup- 
ports independent  of  the  iron  structure,  or  connected  to  the  iron  struct- 
ure of  the  track  with  a  block  of  wood  inserted  to  break  the  metallic 
connection  between  the  cable,  track-rails  and  slot-rails,  really  has  no 
effect  on  the  resonance  of  the  carrying  pulleys.  The  ringing  sound  will 
be  more  or  less  controlled  by  circumstances ;  for  instance,  by  the  cable 
being  filled  with  tar  or  running  empty,  new  or  worn  cable,  and  also 
design  of  carrying  pulley.  A  new  rope  with  no  tar  will  make  consider- 
able noise,  whereas  a  worn  cable  well  filled  with  tar  will  make  compara- 
tively none.  The  only  way  that  the  noise  can  be  prevented  is,  as  we 
stated,  by  filling  the  carrying  pulley  with  some  non-metaDic  substance- 
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However,  the  ringing:  is  not  suflScient  to  make  any  material  difference 
in  a  street  with  much  traffic. 

As  regards  Mr.  Wright's  knowledge  of  the  duphcate  system,  we  find 
from  his  own  remarks  that  this  is  extreniel}'^  limited,  and  the  four  objec- 
tions which  he  has  taken  from  the  Street  Railway  Journal  are  mere 
assertions  made  by  a  party  in  Kansas  City,  and  these  were  fully  answered 
about  a  year  ago. 

It  must  be  remembered  that  the  inventor  of  the  duplicate  cable  sys- 
tem was  never  in  Kansas  City  until  the  cable  road  there  had  been  in 
operation  some  six  months,  and  we  think  Mr.  Wright  somewhat  unjust 
in  quoting  but  one  side  of  the  controversy.  If  duplicate  cables  are  a  fail- 
ure, then  the  whole  cable  system  is  a  failure,  for  the  simple  reason  that 
with  single  rope  roads  two  cables  are  often  operated  in  the  same  conduit, 
and  under  the  same  conditions  as  the  duplicate  cables  are  operated  in 
|the  duplicate  system,  and  we  are  pleased  to  inform  Mr.  Wright  that  the 
duplicate  cables  have  been  in  successful  operation  on  a  section  of  the 
Chicago  roads  for  four  years. 

The  saving  in  the  pay-roll  with  the  duplicate  system  will  more  than 
pay  the  interest  on  the  investment  for  the  second  rope,  to  say  nothing 
of  the  great  advantage  of  keeping  the  road  m  constant  operation  with- 
out use  of  horses. 

Our  paper  ivas  not  intended  to  describe  the  duplicate  system  particu- 
larly, but  we  consider  the  notice  justified  by  the  unquestioned  success  of 
the  Tenth  Avenue  Cable  road. 

Owing  to  the  first  cost,  it  is  only  practicable  to  adopt  the  cable  system 
on  lines  carrying  from  two  thousand  to  three  thousand  passengers  per 
mile  per  day.  The  small  additional  cost  for  the  second  cable  is  but  a 
"drop  in  the  bucket"  where  so  large  an  outlay  is  to  be  made,  and  when 
the  objections  to  the  single  rope  are  considered,  chief  among  which  is 
the  frequent  stoppage  and  consequent  detention  of  traffic,  we  fail  to  see 
the  economy  of  doing  without  the  second  rope.  Were  cheapness  the  prin- 
cipal desideratum  we  would  not  construct  a  cable  road. 

It  is  not  the  investment  alone,  but  the  percentage  to  be  realized  on 
the  investment,  that  is  the  question  to  be  considered. 
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MINUTES  OF  A  MEETING  OF  THE  BOARD  OF  MANAGERS— PROPOSED     CONFEDERA- 
TION OF  ENGINEERING  SOCIETIES. 


Chicago,  III.,  Aprill5,  1887. 

Meeting  called  to  order  by  the  Chairman,  Benezette  Williams,  at  his  oflQce,  at 
ten  o'clock  a,  m. 

There  were  present  Benezett  i  Williams  and  L.  E .  Cooley,  of  the  Western  Society 
of  Engineers,  Chicago  ;  W.  S.  Chaplin,  of  the  Boston  Society  of  Civil  Engineers  ; 
C.  J.  A.  Morris,  of  the  Civil  Engineers'  Society  of  St.  Paul ;  and  J.  B.  Johnson, 
of  the  Engineers'  Club  of  St.  Louis. 

Secretary  Prout  being  absent,  Mr.  Johnson  was  elected  Secretary  _p?'o  tern.  The 
Chairman  stated  the  objects  of  the  meeting  to  be  to  make  a  new  arrangement  for 
the  printing  of  the  Journal,  the  election  of  officers  of  the  Board,  and  the  further- 
ing of  the  original  objects  of  the  Association  in  the  matter  of  a  more  inclusive 
and,  perhaps,  a  closer  union  of  the  several  engineering  societies  of  the  country. 

After  a  full  discussion  of  these  subjects,  it  was  ordered  that  the  proposition  sub- 
mitted by  Secretary  Prout  for  the  printing  of  the  Journal  of  the  Association  be 
accepted,  provided  that  the  number  of  surplus  copies  of  each  issue,  over  and  above 
all  takers,  shall  be  at  least  fift}-  per  cent,  of  the  number  taken  in  the  Association, 
and  that  the  remainder  of  these,  on  the  termination  of  this  contract,  shall  become 
the  property  of  the  Board  of  Managers ;  and  provided  that  the  publication  shall 
appear  as  heretofore,  as  published  by  this  Board ;  and  provided  that  no  article 
shall  be  allowed  to  appear  in  any  periodical  before  the  circulation  of  the  copies  of 
the  Journal  which  contain  said  article. 

The  application  of  the  Engineers'  Club  of  Kansas  City  to  become  a  member  of 
the  Association  was  granted,  thus  making  seven  societies  now  in  the  Association. 

Chairman  Williams  and  Secretarj-  Prout  were  unanimously  re-elected  to  their 
respective  offices.  It  was  ordered  that  the  Index  Department  remain  under  the 
general  control  of  Mr.  Johnson,  as  heretofore. 

Messrs.  Williams,  Cooley,  and  Chaplin  were  appointed  a  committee  to  draft  an 
address  to  the  Societies  now  in  the  Association,  on  the  subject  of  forming  an 
organic  confederation  of  engineering  societies,  and  to  report  on  the  following  day. 

lAdjoumed.'\  J.  B.  Johnson,  Secretary  ^ro  tern. 


Chicago,  111.,  April  16,  1887. 
Meeting  called  to  order  by  the  Chairman. 

The  Committee  appomted  to  prepare  an  address  to  the  Societies  in  the  Associa- 
tion reported  the  following  : 

ADDRESS  to  THE   SOCIETIES  NOW  IN  THE   ASSOCIATION. 

The  Association  of  Engineering  Societies  was  organized  some  six  years  ago,  its 
primary  purpose  being  the  joint  publication  of  the  transactions  of  the  various 
engineering  societies  of  the  country.     The  movement  was  looked  upon  with  fore- 
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bodings  by  many,  while  others  hoped  chat  the  habit  of  co-operation  thus  inaugu- 
rated would  ultimately  lead  to  a  bronder  and  closer  union,  national  in  its  scope. 
The  Association  originally  comprised  the  societies  and  clubs  located  at  Boston, 
Cleveland,  Chicago  and  St.  Louis,  with  an  aggregate  membership  of  about  four 
hundred.*  The  success  attending  the  Association,  and  the  enviable  status  of  its 
publication,  give  abundant  promise  of  permanence  and  of  future  growth. 

The  Board  of  Managers  has  always  been  disposed  to  encourage  fuller  co-opera- 
tion, believing  that  there  was  a  growing  desire  among  engineers  for  a  comprehen- 
sive organization  which  should  represent  them  as  a  whole  and  as  a  profession. 
The  efforts  recently  made  in  this  direction  do  not  seem  to  be  fruitful  in  results, 
and  we  venture  to  ask  that  the  societies  in  this  Association,  and  all  others  inter- 
ested, consider  the  advisability  of  taking  steps  which  may  lead  to  a  national 
organization.  If  this  shall  appear  desirable  it  would  seem  best  to  appoint  dele- 
gates who  may  meet  and  discuss  the  many  questions  which  must  be  settled  before 
such  an  organization  can  be  perfected. 

In  the  absence  of  any  authority  which  can  act  as  intermediary,  the  Board  offers 
its  services  in  obtaining  the  sense  of  the  several  societies  of  the  country  and  in 
any  other  way  in  which  it  may  aid  in  this  very  desirable  action.  If  the  Societies 
of  the  Association  favor  such  a  movement,  the  Board  respectfully  suggests  that  it 
be  empowered  to  issue  a  call  and  arrange  for  a  convention. 

In  order  to  arrive  at  a  conclusion  in  a  practicable  manner,  the  following  specific 
proposition  is  submitted  for  the  consideration  of  the  Societies  in  the  Association. 

Proposed  Action  of  Societies. 

Article  1.  The  (here  insert  name  of  Society  or  Club)  authorizes  the  Board  of 
Managers  of  the  Association  of  Engineering  Societies,  on  the  favorable  action  of 
two-thirds  of  the  Societies  in  the  Association,  to  call  a  convention  of  delegates  from 
the  several  Societies  of  the  Association,  and  such  other  societies  as  the  Board  may 
invite,  said  convention  to  consider  the  question  of  an  organiz;ation  of  the  several 
societies  of  the  country  in  a  confederation  or  such  other  union  as  may  be  found 
desirable.  The  Board  is  also  empowered  to  lay  before  this  convention  such  other 
matters  as  it  may  consider  of  general  moment. 

Art.  2.  The  Board  of  Managers  may  determine  the  time  and  place  for  such  a 
convention.  The  representation  of  each  participating  Society  shall  be  three  votes 
and  one  additional  for  each  fifty  or  fraction  thereof  in  excess  of  one  hundred 
members. 

Art.  3.  The  conclusions  of  this  convention  shall  not  be  binding  upon  any  par- 
ticipating Society  until  ratified  by  said  Society ;  and  when  two- thirds  of  the  par- 
ticipating Societies  have  ratified  the  action  of  said  convention,  the  proposed  organ- 
izati:n  may  go  into  effect. 

The  report  was  adopted  and  the  Chairman  was  directed  to  send  a  copy  of  it  to 
each  of  the  Societies  belonging  to  the  Association. 

In  matters  pertaining  to  the  proposed  convention  of  Engineering  Societies,  the 
Chairman  was  authorized  to  act  for  the  Board. 

The  Chairman  was  authorized  to  address  a  letter  to  the  Pittsburgh,  Denver, 
Pacific  Coast  and  Southern  Engineering  Societies,  inviting  them  to  become  mem- 
bers of  this  Association. 

It  was  ordered  that  the  oflBcial  documents  of  the  Council  of  Engineering 
Societies  upon  National  Public  Works  be  published  in  the  Journal. 

The  Chairman  and  Secretary  were  authorized  to  levy  an  assessment  on  the 
Association  to  meet  the  obligations  incurred  by  the  contract  for  printing,  and 
other  necessary  expenses,  including  the  expenses  of  this  meeting. 

lAcljourned  sine  die."]  J.  B.  Johnson,  Secretary  pro  tern. 

*  Tbree  other  societies  have  since  joined,  acd  the  total  membership  has  nearly 
doubled. 
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April  20,  1887 : — A  regular  meeting  of  the  Boston  Society  of  Civil  Engineer, 
was  held  at  Room  27,  Boston  &  Albany  Railroad  Station,  Boston,  and  called  to 
order  at  7:45  p.  m..  President  L.  Fred  Rice  in  the  chair,  fifty -seven  Members, 
seven  visitors  present. 
The  record  of  the  last  meeting  and  the  annual  dinner  was  read  and  approved. 
Messrs.  Simpson  C.  Heald  and  John  C.  Olmstead  were  elected  Members  of  this 
Society. 

Mr.  Lemuel  Pope  was  proposed  for  membership,  recommended  by  F.  P.  Stearns, 
E.  W.  Howe.  Mr.  William  A.  Favor  was  proposed  for  membership,  recommended 
by  G.  E.  Evans,  A.  W.  Himking. 

The  Secretary  presented  the  following  list  of  Special  Committees,  appointed  by 
the  Government  and  authorized  by  a  vote  of  the  Society,  passed  at  the  last  meet- 
ing : 

Weights  and  Measures. — C.  H.  Swan,  C.  W.  Kettell,  C.  W.  Folsom. 
Preservation  of  Ttm^er.— President  L.    Fred  Rice,   E.  W.    Bowditch,  J.  B. 
Francis,  W.  Watson,  E.  K.  Turner,  H.  Manley,  H.  Bissell. 
National  Public  Works.— J).  Fitz  Gerald,  W.  E.  McClintock,  S.  Smith. 
Excursions.— D.  Brackett,  A.  E.  Burton,  D.  Fitz  Gerald,  W.  S.  Barbour,  M.  M. 
Tidd. 
Library.— a.  D.  Woods,  H.  L.  Eaton,  C.  S.  Parsons,  C.  H.  Swan,  G.  F.  Swain. 
The  matter  of  the  transfer  of  two  hundred  dollars  from  the  permanent  fund,  to 
be  devoted  to  the  current  expenses  for  the  coming  year,   action  on  which  was 
postponed  for  one  month  at  the  last  meeting,  was  considered.     Mr.  E .  W.  Howe 
moved  that  the  subject  be  laid  on  the  table.     Rejected.     Mr.   D.  Fitz  Gerald,  that 
an  assessment  be  made  on  Resident  Members,  at'the  option  of  the  Government,  to 
cover  any  deficit  that  may  occur  during  the  coming  j'ear.     Rejected. 

The  previous  question  was  then  considered  and  was  carried.  The  motion  as 
adopted  was  :  That  the  sum  of  two  hundred  dollars  be  transferred  from  the  per- 
manent fund  and  devoted  to  the  current  expenses  of  the  Society. 

Prof.  G.  F.  Swain  addressed  the  Society  on  "Details  in  Iron  Bridge  Work." 
The  subject  was  illustrated  by  numerous  diagrams,  calculations  and  blue  prints 
of  numerous  existing  bridges. 

Mr.  Henry  Manley  explained  the  construction  of  the"Hewins  Truss"  of  the 
Bussey  Bridge  and  exhibited  the  broken  hangers,  two  hangers  taken  from  the 
opposite  end  of  the  bridge,  and  two  hangers  made  by  order  of  the  Railroad  Com- 
missioners, one  symmetrical,  the  other  eccentric. 

Professor  Swain  read  a  letter  from  Mr.  E.  S.  Philbrick  to  the  Railroad  Com- 
missioners giving  the  results  of  the  test  of  one  hanger  taken  from  the   "  Hewins 
Truss,"  also  one  symmetric  and  one  eccentric  hanger  similar  to  those  taken  from 
this  truss. 
The  results  of  the  test  were  as  follows  : 


Old  eccentric... 
New  eccentric  . 
New  symmetric 


Section.     Sq  in. 


4.03 
3.80 
3.58 


Elastic  limit 
per  sq.  In. 


25.000 
7,900 
8,380 


Breaking  strain 
per  sq.  in. 


35.770 
34,740 
33,240 


Mr.  Fred,  Brooks  exhibited  a  large  collection  of  photographs,  showing  the  con- 
struction of  the  bridge  and  the  effect  of  the  disaster. 
iAdjourned.']  H.  L.  Eaton,  Secretary. 
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ENGINEERS'  CLUB  OF  ST.  LOUIS. 


March  2,  1887  :— The  Club  met  at  8:15  p.  m.  at  Washington  University,  Presi- 
dent Potter  in  the  chair,  24  Members  and  3  visitors  pi'esent.  The  minutes  of  the 
last  meeting  were  read  and  approved.  The  doings  of  the  Executive  Committee 
meeting  of  the  same  date  were  reported  to  the  Club,  recommending  Alex, 
E.  Abend,  Chas.  F.  Muller,  Max  G.  Schinke  and  Lewis  Stockett  for  election  to 
membership.  They  were  balloted  for  and  elected.  The  application  of  G.  W. 
Dudley  for  membership,  indorsed  by  J.  B .  Johnson  and  H.  B.  Gale,  was  an- 
nounced and  referred  to  the  Executive  Committee. 

Robert  Moore  then  read  a  paper  on  the  "Present  Aspects  of  the  Problem  of 
Inter-Oceanic  Ship  Transfer."  A  history  of  the  various  schemes  which  had  been 
made  public  was  given,  as  well  as  the  results  reached  and  the  difficulties  yet  to  be 
met.  At  p!  esent  the  question  had  narrowed  down  to  three  prominent  routes,  each 
of  which  has  its  supporters.  The  De  Lesseps  Panama  Canal  was  discussed  at 
length,  the  present  condition  of  the  work  noted,  its  cost  thus  far,  and  the  amount 
necessary  to  finish  it  shown.  This,  as  well  as  the  grave  engineering  difficulties  to 
be  solved,  and  on  which  the  succes-;  of  the  work  hinged,  led  the  speaker  to  believe 
its  completion  impossible  and  its  early  collapse  probable.  The  second  scheme, 
known  as  the  Tehuantepec  route,  was  for  topographical  reasons  not  available  for 
^  canal,  but  has  been  chosen  by  Capt.  Jas.  B.  Eads  for  his  ship  railway.  This  plan 
was  also  discussed  at  length,  and  its  advantages  and  disadvantages  considered. 
The  great  first  cost,  the  cost  of  operating,  and  the  serious  and  as  yet  unsolved  en- 
gineering difficulties  to  be  met,  seemed  to  throw  the  preponderance  of  evidence 
against  the  enterprise.  The  third  scheme  was  that  known  as  the  Lake  Nicaragua 
Canal,  which  so  far  has  not  been  as  prominently  mentioned  as  the  others.  While 
its  first  cost  is  undoubtedly  great,  it  is  not  so  large  as  either  of  the  others,  and  its 
operating  expenses  would  be  much  less.  The  work  was  of  grf^at  magnitude,  but 
yet  of  a  character  which  had  already  in  many  instances  been  successfully  handled, 
and  in  the  whole  route  nothing  new  or  untried  would  be  met.  On  the  whole,  the 
speaker  believed  the  Nicaragua  scheme  the  one  which  best  deserved  the  recognition 
and  support  of  the  American  people.  The  paper  was  discussed  by  Messrs.  Potter, 
Seddon,  McMath,  H.  C.  Moore  and  Ockerson. 

lAcljourned.l  Wm.  H.  Bryan,  Secretary. 


March  16,  1887  :— Club  met  at  8.10  p.  M.,  President  Potter  in  the  chair,  26 
Members  and  2  visitors  present.  The  minutes  of  the  last  meeting  were  read  and 
approved.  The  doings  of  the  meeting  of  the  Executive  Committee,  on  same  date, 
were  reported,  rpcommeuding  Geo.  W.  Dudley  for  membership.  He  was  balloted 
for  and  elected. 

The  President  made  the  formal  announcement  of  the  death  of  Capt.  Jas.  B. 
Eads,  suggesting  appropriate  action  by  the  Club. 

On  motion,  the  President  was  directed  to  appoint  a  committee  of  three  to  draw 
up  suitable  resolutions.  Messrs.  McMath,  Moore  and  Holman  were  appointed 
such  committee.  On  vote,  it  was  decided  that  the  Club  attend  the  funeral  in  a 
body . 

The  President  announced  the  receipt  from  the  Mississippi  River  Commission  of 
a  map  of  the  alluvial  basin  of  the  Mississippi  River  from  the  St.  Francis  basin 
south. 

Mr.  Carl  Gayler  then  read  a  paper  on  "  Anchorage  of  Suspension  Bridges," 
describing  the  common  practice,  and  making  some  criticisms  ;  also  suggesting 
<;ertain  improvements,  as  adopted  iu  the  city's  practice.  The  paper  was  discussed 
by  Messrs.  Johnson,  Frith,  Holden,  Seddon,  Macklind,  Moore. 

lAdjourned.^  Wm.  H.  Bryan",  Secretary. 
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April  6,  1887  :— The  Club  met  at  8:15  p.  m.  at  Washinojton  University, 
Vice-President  Holman  in  the  chair,  28  Members  and  4  visitors  present.  The 
minutes  of  the  meeting  of  March  16  were  read  and  approved.  The  Executive 
Committee  reported  the  doings  of  its  meeting  of  same  date.  The  Committee  on 
Resolutions  on  the  death  of  Capt.  Jas .  B .  Eads  asked  for  further  time  to  prepare 
a  report,  which  extension  was  granted. 

S.  Bent  Russell  then  read  a  paper  on  "  Draining  and  Filling  Water  Mains,"  de- 
scribing the  system  of  operations  in  use  in  this  city,  where  shut-offs  average  one 
per  day.  The  difficulties  met  with  and  the  precautions  to  be  taken  were  duly- 
treated  upon.  In  the  discussion  Mr.  Holman  gave  some  interesting  points  in  his 
experience  bearing  on  this  question. 

Prof.  C.  M.  Woodward  opened  the  discussion  on  the  failure  of  the  Bussey 
bridge  on  the  Providence  &  Boston  Railroad,  describing  fully  the  nature  of  the 
accident  and  illustrating  the  details  by  sketches  on  the  blackboard.  His  explana- 
tion of  the  cause  of  the  accident  was  full  and  clear.  The  matter  was  also  discussed 
by  Messrs.  Seddon,  Frith,  Johnson  and  Moore.  The  recent  full  publications  and 
illustrations  in  the  Engineering  News  were  favorably'  commented  upon. 

Professor  Johnson  announced  that  there  would  be  a  meeting  of  the  Board  of 
Managers  of  the  Association  of  Engineering  Societies  at  Chicago  at  an  early  date, 
and  asked  that  suggestions  as  to  the  management  of  the  Association  be  made. 
Several  topics  were  brought  forward  and  discussed. 

[Adjourned.l  W.  H,  Bryan,  Secretary. 


APRIL  20,  1887  :— Club  met  at  8:15  p.  M.  at  Washington  University,  President 
Potter  in  the  chair,  sixteen  Members  and  two  visitors  present.  The  minutes  of  the 
last  meeting  were  read  and  approved . 

Mr.  McMath.  Chairman  of  the  Committee  on  Resolutions  on  the  death  of  Capt. 
J.  B.  Eads,  submitted  a  report,  which,  on  vot?,  was  received.  It  was  directed  that 
the  report  be  spread  upon  the  records  of  the  Club,  and  a  copy  sent  to  the  family  of 
the  deceased.     It  reads  : 

By  the  death  of  James  B.  Eads,  which  occurred  on  the  8th  of  March,  1887,  the 
Engineers"  Club  of  St.  Louis  loses  a  Member,  of  whose  world-wide  fame  it  may 
well  be  proud.  To  but  few  engineers  in  the  history  of  the  profession  has  it  been 
given  to  surmount  greater  obstacles  or  accomplish  works  as  great.  The  builder  of 
the  St.  Louis  Bridge,  in  many  ways  a  work  without  precedent,  and  of  the  South 
Pass  Jetties,  whereby  the  commerce  of  the  Mississippi  Valley  was,  for  the  first  time, 
given  a  free  outlet  to  the  sea,  well  deserves  a  high  rank  among  the  benefactors  of 
the  race,  and  sheds  a  new  lustre  upon  the  profession  whose  calling  it  is  to  subdue 
the  forces  of  nature  to  the  uses  of  mankind. 

And  these  works  were  his  in  a  more  than  usual  sense,  in  that  the  skill  which  en- 
abled him  to  do  them  was  not  learned  in  any  school,  but  was  the  outgrowth  of  his 
own  genius  and  his  own  readings  of  Nature's  laws,  and  for  the  further  reason 
that  the  money  necessary  for  their  accomplishment  was  contributed  mainly  be- 
cause of  the  faith  which  his  own  deep-rooted  confidence  and  enthusiasm  never 
failed  to  inspire  in  others. 

In  parting  with  him  now,  after  a  long  and  well-spent  life,  our  Club  loses  its  most 
distinguished  Member,  our  profession  one  of  its  brightest  lights,  and  the  world 
one  of  the  most  potent  factors  in  its  material  advancement. 

Professor  Johnson  made  a  verbal  report  of  the  recent  meeting  of  the  Board  of 
Managers  of  the  Association  of  Engineering  Societie:-  at  Chicago.  The  new 
arrangements  made  for  the  publication  of  the  Journal  were  reported,  and  its 
regular  appearance  in  future  promised. 

Mr.  C.  W.  Clark  then  read  a  paper  on  "Experiments  with  Submerged  Adju- 
tages," describing  soma  experiments  made  at  the  University    of    Illinois,     He 
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deduced  the  results,  giving  the  co-efficient  of  discharge  for  each  form  ot  adjutage 
experimented  with .  The  paiDcr  was  discussed  by  Professor  Johnson,  J.  A.  Sed- 
don,  Russell,  Professor  Gale  and  R.  E.  McMath. 

A  paper  by  Col,  E.  D.  Meier  was  announced  for  the  next  meeting. 

lAdjonrned.'\  Wm.  H.  Bryan,  Secretary. 


WESTERN  SOCIETY  OP  ENGINEERS. 


March  1,  1887:— The  234th  meeting  was  held  at  7:30  P.  M. 

The  minutes  of  the  preceding  meeting  were  read  and  approved. 

Application  for  membership  was  received  from  : 

Stephen  Francis  Balcom,  Assistant  Roadmaster,  Illinois  Central  R.  R.,  Cham- 
paign, 111. 

The  following  gentlemen  were  elected  Members  : 

Charles  C.  Breed,  Resident  Engineer,  Maysviile  &  Big  Sandy  R.  R  ,  Louisville, 
Jefferson  Co.,  Ky. 

Simeon  C.  Colton,  Engineer  for  FitzSimons  &  Connell,  217  E.  Ohio  street, 
Chicago. 

Daniel  W.  Mead,  City  Engineer,  Rockford,  111. 

Hubert  A.  Stevens,  Assistant  Engineer  North  Chicago  Cable  R.  R.,  145  Loomis 
street,  Chicago. 

William  J.  Yoder,  Resident  Engineer,  Chicago,  Madison  &  Northern  R.  R., 
Wayne,  Du  Page  Co.,  111. 

The  President  announced  the  following  Topical  Committees  : 

Surveys  and  Topography — S.  S.  Greeley,  B.  Feind,  Peter  Heer. 

Materials — I.  O.  Baker,  Chas.  E.  Billin,  E.  Hemberle. 

Construction — C.  L.  Strobel,  H.  W.  Parkhurst,  Allan  D.  Conover. 

Bridges— J.  A.  L.  Waddell,  W.  L.  Baker,  A.  Gottlieb. 

Transportation— Geo.  S.  Morison,  O.  Chanute,  A.  W.  Wright. 

River  and  Harbor  Improvements — T.  T.  Johnston,  O.  M.  Poe,  G.  A.  M.  Lil- 
jencrantz. 

Water  Supply  and  Sewerage— J.  D.  Cook,  J.  A.  Cole,  O.  H.  Cheney. 

Fuel,  Heat  for  Industrial  Purposes — J.  Zellweger,  Morris  Sellers,  D.  C.  Cregier. 

Lighting,  Heating  and  Ventilation — W.  L.  B.  Jenney,  D.  Adler,  Jas.   R.  Wil 

lett. 

Minino- — M.  A.  Meyendorff,  W.  A.  Hammett,  Geo.  T.  Wickes. 

Tools  and  Machinery— A.  Sinclair,  E.  Foote,  Jr. ,  Chas.  S.  Pease. 

Jurisprudence  of  Surveys— J.  M.  Bourne,  C.  W.  Irish. 

Weights  and  Measures— Chas.  Latimer,  S.  S.  Greeley. 

City  Engineering— S.  A.  Bullard,  B.  Schreiner,  A.  H.  Bell. 

National  Public  Wofks— L.  E.  Cooley,  H.  B.  Herr,  R.  A.  Brown. 

The  Secretary  read  a  paper  by  Mr.  D  J.  Miller,  Traction  Rope  Railways. 

Owing  to  the  lateness  of  the  hour,  reading  of  paper  by  Mr.  J.  T.  Dodge.  Tun- 
neling in  Montana,  was  postponed  to  the  next  meeting. 

lAdjourned.l  L-  P-  Morehouse,  Secretary. 

April.  5,  1887:— The  235th  meeting  was  held  on  Tuesday,  April  5,  1887,  at 
7:30  P.  M.,  ex-President  Wright  in  the  chair. 
The  minutes  of  the  preceding  meeting  were  read  and  approved. 
Applications  for  membership  were  received  from  : 
Robert  Gillham,  Civil  Engineer,  Kansas  City,  Mo. 
Frank  Churchill  Horn,  Principal  Assistant  Engineer,   Town  of  Lake,    Cook 

County,  111. 

Mr.  Stephen  Francis  Balcom,  Assistant  Engineer,  Illinois  Central  Railroad, 
Champaign,  111  ,  was  elected  a  Member. 


PROCEEDINaS.  231 

The  Secretary  read  a  letter  from  Mr.  Chanute,  saying  it  was  impossible  for  him 
to  serve  as  a  member  of  Committee  on  Transportation. 

Two  papers  were   read  and  discussed  :    Tunneling  in  Montana,  by  Mr.  J.  T. 
Dodge,  and  Wood  Preserving,  by  Mr.  J.  P.  Card. 

lAdjourned.]  L.  P.  Morehouse, 

Secretary. 


ENGINEERS'  CLUB  OF  MINNESOTA. 


Mabch  11,  1887:— Regular  meeting.  President  G.  W.  Sublette  in  the  chair. 
Present,  J.  H.  Barr,  W.  R.  Hoag,  Wm.  W.  Redfield,  M.  J.  Riggs  and  G.  W. 
Sturtevant.  Secretary  Pardee  being  absent,  G.  W.  Sturtevant  was  appointed 
Secretary  pro  tern. 

Records  of  previous  meeting  were  read  and  approved. 

The  Secretary  read  a  letter  from  H.  M.  Waite,  relative  to  continuance  of  mem- 
bership in  the  Society  and  to  his  back  dues  :  also  a  letter  from  Hon.  C.  K.  Davis, 
relative  to  copies  of  U.  S,  Reports  for  the  library  of  the  Club. 

Then  followed  a  general  discussion  in  regard  to  attendance  at  the  Club  meet- 
ings and  suggestions  as  to  how  best  to  increase  the  same. 

On  motion  it  was  unanimously  voted  to  adopt  the  resolution  passed  at  the  last 
regular  meeting  to  change  Art.  1  of  the  By-Laws  as  per  resolution  of  that  date. 
Mr.  Barr  here  presented  a  communication  from  Prof.  Pike  inviting  the  Ckib  to 
hold  its  next  meeting  at  the'College  of  Mechanic  Arts,  State  University,  and  have 
an  opportunity  to  inspect  the  apparatus  of  the  various  departments  of  same,  and 
on  motion,  it  was  voted  to  accept  the  invitation  of  Prof.  Pike,  and  hold  the  next 
meeting  of  the  Club  at  the  University  as  per  said  invitation. 

The  following  were  elected  to  membership  in  the  Club:  C.  O.  Huntress,  Franklin 
CookandP.  M.  DahL 

The  literary  exercise  consisted  of  an  interesting  discussion  of  the  New  York 
Harbor  Improvement,  as  proposed  by  the  Board  of  United  States  Engineers,  the 
question  being  discussed  by  nearly  all  the  members  present.  On  motion  it  was 
voted  to  continue  the  discussion  of  the  New  York  Harbor  Improvement  at  the 
next  meeting. 

President  Sublette  gave  notice  that  he  would  read  a  paper  on  Railroad  Bridge 
Lettings  at  the  next  meeting  of  the  Club. 

[Adjourned.}  Geo.  W.  Sturtevant,  Secretary  pyo  tern. 


April  9,  1887:— Regular  meeting  at  State  College  of  Mechanic  Arts  University 
grounds.  East  Minneapolis,  pursuant  to  an  invitation  extended  to  the  Members  of 
the  Club  at  a  previous  meeting  by  Prof.  Wm.  A.  Pike  of  the  University.  Meeting 
called  to  order  by  Pres.  Geo.  W.  Sublette  at  8  p.  m.  Present,  J.  H.  Barr,  F.  W. 
Cappelen,  "Wm.  De  Le  Barre,  F.  C.  Deterly,  Wm.  R.  Hoag,  G.  Sidney  Houston, 
J.  M.  Hazen,  Wm.  A.  Pike,  W.  W.  and  C.  L.  Redfield,  M.  J.  Riggs,  George  W. 
Sturtevant,  R.  H.  Sanford,  F.  L.  Straw,  P.  B.  Winston  and  W.  S.  Pardee. 

On  motion,  the  regular  order  of  business  was  suspended  in  order  to  examine  the 
new  college  and  the  apparatus  recently  set  up,  for  the  purpose  of  testing  the  mate- 
rials. The  Club  inspected  the  basement,  which  contains  the  machine  and  vise- 
shop,  wood  and  pattern-shop,  testing  laboratory,  forge-shop,  foundry,  engine  and 
boiler-room;  also  on  the  first  story  the  civil  engineers',  mechanical  engineers' 
and  physical  racitation  rooms,  apparatus  room,  dark  room  and  physical  labora- 
tory; lastly,  on  the  second  floor,  general  and  engineers'  drawing-room,  blue-print 
room  and  engineers'  apparatus  room. 

After  the  tour  of  inspection,  illustrative  tists  were  made  on  the  Oleson  50,000- 
pound  machine,  of  transverse  strength  of  pine  and  tensile  strength  of  iron.  Fol- 
lowing this  were  numerous  tests  with  Tabor  s  steam  indicator  on  the  Universitv 
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engine.  The  Club  then  adjourned  to  the  physical  recitation  room.  On  motion  of 
Mr.  De  Le  Barre  the  Club  extended  a  vote  of  thanks  to  Prof .  Pike  for  the  cor- 
teous  manner  in  which  they  had  been  entertained,  and  expressed  high  appreciation 
of  the  good  organization  of  the  college  and  its  efficient  apparatus.  On  motion,  the 
subject  of  New  York  Haibor  and  Coast  Defense  was  referred  to  a  committee  of 
three,  Messrs.  Geo.  W.  Sturtevant,  Wm.  De  Le  Barre  and  Wm.  A.  Pike,  with  in- 
stnictions  to  report  at  the  next  meeting  as  to  the  sense  of  the  Club  relative  to  the 
matter. 

On  motion,  the  suLject  of  Wire  Ropes  was  referred  until  the  next  meeting. 

Messrs.  James  Rigby  and  O.  W.  Burnham  were  proposed  for  membership. 

[Adjourned.^  

Apkil  23,  1887. — Ptegular  meeting  Civil  Engineers'  Club  of  Minnesota,  at  City 
Hall,  7:30  p.  m.  President  Geo.  W.  Sublette  in  the  chair.  Members  present, 
Messrs.  M.  J.  Riggs,  Wm.  W.  Redfield,  F.  C.  Deterly,  G.  S.  Houston,  W.  S. 
Pardee. 

The  minutes  of  the  previous  meeting  were  read  and  approved.  On  report  of 
Committee  on  Library,  Mr.  Wm.  W.  Redfield  stated  that  after  having  communi- 
cated with  Mr.  H .  G.  Prout,  Secretary  Association  Engineering  Societies,  he  had 
found  the  Association  Journal  could  be  procured  from  the  beginning  of  its  publi- 
cation at  a  reasonable  cost,  and  on  motion  of  Mr.  Houston,  with  amendments 
thereto,  an  offer  was  accepted  from  Mr.  Redfield  donating  to  the  club  .$7,  to  be 
used  in  procuring  back  numbers  of  the  Association  Journal,  the  balance  of  the 
amount  to  be  furnished  by  the  Club. 

On  motion  of  Mr.  Riggs  it  was  voted  that  an  offer  be  accepted  from  G.  Sidney 
Houston,  presenting  the  Club  with  the  periodical  Engineering  for  the  year  1887. 
On  motion,  Mr.  Houston  and  Mr.  Redfield  were  extended  a  vote  of  thanks  for 
their  kind  propositions. 

On  motion  of  Mr.  Houston,  a  committee  be  appointed  to  wait  upon  and  notify 
the  remaining  delinquent  members  of  their  assessmeut#and  collect  the  same. 

Committee  appointed  were  Messrs.  Houston  and  Pardee. 

A  motion  was  proposed  to  amend  Article  10  of  the  By-Laws. 

Discussion  of  Wu'e  Ropes  was  again  deferred,  and  no  report  being  received 
from  the  Committee  on  New  York  Harbor  and  Coast  Defense,  after  the  proposal 
to  membership  of  the  names  of  J.  E.  Turner  and  G.  Carry,  the  Club  adjourned. 

Walter  S.  Pardee,  Secretary. 


Editors  reprinting  articles  from  this  journal  art 
requested  to  credit  both  the  Journal  and  the 
Society  before  which  such  articles  were  read. 
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Ereatum. — In  the  Proceedings  of  the  Boston  Society  of  Civil  Engineei's  as 
published  in  the  Journal  for  May,  the  table  showing  the  results  of  tests  of  hang- 
ers should  have  been  printed  as  follows  : 


New  symmetric 
Old  eccentric. . . 
Kew  eccentric. 


Section.     Sq.  in. 


4.03 
3.80 
3.58 


Elastic  limit 
per  sq.  in. 


25,000 

7.900 
8,380 


Breaking  strain 
per  sq.  iq. 


35.770 
34,740 
33,340 


tain  a  complete  understanding  of  the  subject  and  fully  appreciate  the 
future  possibilities  in  this  direction. 

The  practical  questions  of  leakage,  dangers  from  explosions  and  the 
controlling  of  gas  under  high  pressures  have  been  solved  by  those  work- 
ing in  this  field,  and  I  will  give  the  facts  as  determined  from  practical 
working  in  Pittsburgh  and  Allegheny  City.  I  quote  from  results  given 
to  the  public  by  the  Philadelphia  Co.,  Pittsburgh. 

"  It  being  practically  impossible  to  make  a  series  of  joints  in  the  ordi- 
nary way  that  could  be  depended  upon  to  remain  gas  tight ;  the  attention 
of  inventors  and  engineers  was  then  directed  to  devising  and  perfecting 
suitable  safety  appliances,  first  to  make  the  joints  more  secure,  and 
second  to  confine  within  certain  limits  any  escaping  gas,  and  to  conduct 
it  through  auxiliary  pipes  to  places  where  it  could  escape  safely.  Such 
a  system  was  perfected  and  applied  to  more  than  100  miles  of  pipes  in 
Pittsburgh  and  Allegheny  City,  with  the  mosc  gratifying  results;  by  its 
use  the  actual  loss  of  gas  by  leakage  is  less  than  one  per  cent.,  and  the 
danger  of  explosions  from  this  source  is,  therefore,  practically  over- 
come. They  have  also  devised  the  means  of  detecting  and  readily  locat- 
ing any  leaks  that  may  occur,  without  having  to  tear  up  the  street  to 
locate  the  same. 

"  Automatic  pressure  regulators  have  also  been  devised  and  patented, 
by  which  the  pressure  can  be  so  accurately  adjusted  that  the  pressure  of 
the  gas  as  it  enters  the  regulator  through  the  inlet  pipe  may  have  a  wide 
range  of  variation,  but  when  it  passes  out  of  and  beyond  the  regulator  it 
will  maintain  a  constant  pressure  of  any  degree  required.  Automatic 
shut-off  valves  and  temperature  regulators  have  also  been  devised."  Mr. 
Bannister,  in  his  book  from  which  I  have  quoted  above,  closes  as  follows: 
*'  Tbat  the  problems  presented  to  the  inventor  and  his  coadjutors  by  the 
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engine.  The  Club  then  adjourned  to  the  physical  recitation  room.  On  motion  of 
Mr.  De  Le  Barre  the  Club  extended  a  vote  of  thanks  to  Prof .  Pike  for  the  cor- 
teous  manner  in  which  they  had  been  entertained,  and  expressed  high  appreciation 
of  the  good  organization  of  the  college  and  its  efficient  apparatus.  On  motion,  the 
subject  of  New  York  Hrtibor  and  Coast  Defense  was  referred  to  a  committee  of 
three,  Messrs.  Geo.  W.  Sturtevant,  Wm.  De  Le  Barre  and  Wm.  A.  Pike,  with  in- 
structions to  report  at  the  next  meeting  as  to  the  sense  of  the  Club  relative  to  the 
matter. 

On  motion,  the  subject  of  Wire  Ropes  was  referred  until  the  next  meeting. 

Messrs.  James  Rigby  and  O,  W.  Burnham  were  proposed  for  membership. 


On  motion  of  Mr.  Riggs  it  was  voted  that  an  offer  be  accepted  from  G.  Sidney 
Houston,  presenting  the  Club  with  the  periodical  Engineering  for  the  year  1887. 
On  motion,  Mr.  Houston  and  Mr.  Redfield  were  extended  a  vote  of  thanks  for 
their  kind  propositions. 

On  motion  of  Mr.  Houston,  a  committee  be  appointed  to  wait  upon  and  notify 
the  remaining  delinquent  members  of  their  assessment#and  collect  the  same. 

Committee  appointed  were  Messrs.  Houston  and  Pardee. 

A  motion  was  proposed  to  amend  Article  10  of  the  By-Laws. 

Discussion  of  Wire  Ropes  was  again  deferred,  and  no  report  being  received 
from  the  Committee  on  New  York  Harbor  and  Coast  Defense,  after  the  proposal 
to  membership  of  the  names  of  J.  E.  Turner  and  G.  Carry,  the  Club  adjourned. 

Walter  S.  Pardee,  Secretary. 


Editors  reprinting  article's  from  this  journal  a^'e 
requested  to  credit  both  the  Journal  and  the 
Society  before  which  such  articles  were  read. 
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This  Association,  as  a  body,  is  not  responsible  for  the  subject  matter  of  any  Society,  or 
for  statements  or  opinions  of  any  of  its  members. 

THE  TRANSMISSION  OF  NATURAL  GAS  LONG  DISTANCES. 


By  Geo.  H.  Christian. 
[Read  by  request,  February  8,  1887.] 


The  question  of  the  pipage  of  natural  gas  long  distances  by  its  own 
pressure  is  one  of  great  importance  at  the  present  time.  We  can  hardly 
read  a  scientific  paper  that  this  subject  is  not  spoken  of,  and  various 
opinions  expressed,  but  it  is  only  by  constant  discussion  that  we  can  ob- 
tain a  complete  understanding  of  the  subject  and  fully  appreciate  the 
future  possibilities  in  this  direction. 

The  practical  questions  of  leakage,  dangers  from  explosions  and  the 
controlling  of  gas  under  high  pressures  have  been  solved  by  those  -work- 
ing in  this  field,  and  I  will  give  the  facts  as  determined  from  practical 
working  in  Pittsburgh  and  "Allegheny  City.  I  quote  from  results  given 
to  the  public  by  the  Philadelphia  Co.,  Pittsburgh. 

'•  It  being  practically  impossible  to  make  a  series  of  joints  in  the  ordi- 
nary way  that  could  be  depended  upon  to  remain  gas  tight ;  the  attention 
of  inventors  and  engineers  was  then  directed  to  devising  and  perfecting 
suitable  safety  appliances,  first  to  make  the  joints  more  secure,  and 
second  to  confine  within  certain  limits  any  escaping  gas,  and  to  conduct 
it  through  auxiliary  pipes  to  places  where  it  could  escape  safely.  Such 
a  system  was  perfected  and  applied  to  more  than  100  miles  of  pipes  in 
Pittsburgh  and  Allegheny  City,  with  the  mosc  gratifying  results;  by  its 
use  the  actual  loss  of  gas  by  leakage  is  less  than  one  per  cent.,  and  the 
danger  of  explosions  from  this  source  is,  therefore,  practically  over- 
come. They  have  also  devised  the  means  of  detecting  and  readily  locat- 
ing any  leaks  that  may  occur,  without  having  to  tear  up  the  street  to 
locate  the  same. 

"  Automatic  pressure  regulators  have  also  been  devised  and  patented, 
by  which  the  pressure  can  be  so  accurately  adjusted  that  the  pressure  of 
the  gas  as  it  enters  the  regulator  through  the  inlet  pipe  may  have  a  wide 
range  of  variation,  but  when  it  passes  out  of  and  beyond  the  regulator  it 
will  maintain  a  constant  pressure  of  any  degree  required.  Automatic 
shut-off  valves  and  temperature  regulators  have  also  been  devised."  Mr. 
Bannister,  in  his  book  from  which  I  have  quoted  above,  closes  as  follows: 
*'  That  the  problems  presented  to  the  inventor  and  his  coadjutors  by  the 
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occurrence  of  natural  gas  have  been  completely  solved  must  now  be  ap- 
parent to  all.  The  pipe  systems  and  appliances  for  insuring  safety  and 
preventing  waste  in  its  conveyance  and  distribution,  and  the  devices  for 
its  perfect  adaptation  to  every  use  as  fuel,  have  been  brought  to  such  a 
high  state  of  perfection  that  there  is  really  nothing  further  to  be  desired." 

It  is  left  for  us  to  but  demonstrate  the  possibility  of  conveying  this 
fluid  in  large  quantities  great  distances  by  its  own  pressure,  to  induce 
capital  to  flow  into  this  channel  of  trade.  It  is  claimed  by  many  that 
there  is  a  limit  in  distance  soon  reached  beyond  which  the  cost  of  plant 
in  proportion  to  quantity  of  gas  delivered  will  render  it  impossible  to  give 
more  than  a  few  cities  in  this  country  the  benefit  of  this  fuel ;  and  we 
see  daily  instances  of  the  effect  of  this  view  in  manufacturers  moving 
their  factories  to  places  where  natural  gas  is  found  in  abundance.  In  an 
issue  of  Van  NostrancVs  Magazine  can  be  found  a  scientific  discussion 
on  the  flow  of  compressed  air,  and  formula  deduced  almost  identical  to 
the  water  formula  "  for  flow  of  water  through  pipes."  This  article  is 
from  the  pen  of  Prof.  Robinson  of  the  State  University. 

You  will  find  his  formula,  derived  from  the  principle  of  adiabatic 
expansion  of  gases,  to  exactly  coincide  with  results  obtained  by  a  formula 
which  I  shall  use,  and  whiih  is  derived  from  considering  the  work  done 
by  the  expansion  and  friction  of  the  gas  ;  these  facts,  I  believe,  clearly 
prove  the  correctness  of  both.  We  will  not  go  into  the  mathematics  of 
this  subject,  but  consider  the  forces  acting  when  gas  is  flowing,  and 
determine  analytically  the  results. 

Let  us  take  a  pipe  of  large  diameter  and  great  length,  connected  with 
a  number  of  gas  wells,  allow  this  pipe  to  fill  and  the  terminal  pressure  to 
reach  that  at  the  wells.  Now  let  us  open  a  valve  at  delivery  end,  and  as- 
certain the  quantity  discharged  ;  which  quantity  will  depend  upon  the 
following  variables  :  The  pressure  of  the  wells  and  the  length  and  di- 
ameter of  your  pipe  line  ;  the  forces  at  work  are  expansion  and  frictioa, 
and  it  is  the  latter  force  we  must  determine. 

From  our  knowledge  of  the  flow  of  water  through  pipes,  we  have  total 
head  ^  in  a  line  of  pipe,  equals  h  +  Zi'  where  h  is  velocity  head 
and  h'  friction  head.  Now  these  are  the  only  losses  on  the  sup- 
position that  the  gas  maintains  constant  temperature.  We  can  then, 
having  given  the  initial  pressure,  distance  and  size  of  pipe,  deter- 
mine the  friction,  loss  and  quantity  discharged.  In  applying  the  formula 
for  discharge  you  will  find  that  the  friction  loss  in  uniform  diameter  pipe 
line  increases  in  a  rapid  ratio  as  you  approach  the  end  of  your  line,  and 
that  to  pipe  gas  with  least  outlay  of  plant  your  pipe  must  be  of  variable 
diameter,  and  it  remains  to  ascertain  the  degree  of  this  increase  ;  to  do 
so  let  us  look  at  the  equation  of  friction,  which  is  written  thus  : 

F^  CH^S  =  F. 

C  =  constant. 

F  =  total  friction.  , 

H=  velocity  head  in  pounds  per  square  inch. 

L  =  length  in  feet. 

D  =  diameter  in  feet. 

S  =  co-efficient  of  friction. 
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From  this  formula  we  see  that  the  friction  increases  as  tlie  square  of 
the  velocity,  mversely  as  the  diameter  of  pipe  and  directly  as  the  length; 
also  directly  as  the  quotient  of  the  pressure  in  pounds  per  square  inch 
above  vacuo  divided  by  atmospheric  pressure.  Your  pressure  decreases 
as  you  advance  from  the  wells,  and  your  velocity  increases  ;  the  density 
of  your  gas,  however,  decreases,  so  that  your  friction  loss  on  this  account 
will  not  increase  as  the  square  of  the  velocity,  but  more  nearly  as  to  the 
velocity.  By  increasing  the  diameter  of  your  pipe  to  meet  this  increased 
velocity,  and  thereby  maintaining  a  more  constant  velocity,  you  can  keep 
your  friction  loss  within  small  bounds. 

To  lay  out  a  pipe  line  so  that  its  friction  losses  shall  remain  within  the 
pressure  available,  we  have  but  to  keep  in  mind  this  fact,  that  in  steady 
motion  the  same  weight  of  fluid  must  pass  each  cross-section  in  a  unit  of 
time,  whether  your  pipe  is  of  uniform  or  variable  diameter.  Let  us,  then, 
take  an  example  :  Sux)pose  we  are  required  to  determine  the  cheapest 
line  of  pipe  possible  to  transport  225,000,000  cubic  feet  daily,  and  deliver 
same  at  terminus  of  line  300  miles  distant  from  wells,  having  an  available 
pressure  at  wells  of  300  pounds  per  square  inch.  We  will  assume  the  initial 
diameter  of  pipe  line  to  be  2  feet ;  a  discharge  of  225,000,000  cubic  feet 
per  day  would  be  2,600  cubic  feet  per  second.  The  area  of  pipe  2  feet 
diameter  is  3.1416  square  feet.     2,600  divided  by  this  area,  3.1416,  equals 

821.     This  divided  by        '    equals  89  feet  per  second  as  velocity  in  first 

mile,  and  from  the  formula  for  friction  for  gas  specific  gravity  0.6,  the 
loss  in  friction  for  the  first  mile  will  be  5.2  pounds.  Now,  if  we  should  con- 
tinue our  pipe  2  feet  in  diameter  for  10  miles,  we  will  have  a  velocity  in  the 
tenth  mile  of  47  feet  per  second,  and  a  friction  loss  of  6.4  pounds,  making 
a  total  loss  for  friction  in  the  first  10  miles  of  pipe  58  pounds,  and  will 
leave  you  a  pressure  at  the  eleventh  mile  of  242  pounds  ;  here  let  us 
increase  to  2^  feet  diameter  and  continue  this  diameter  for  30  miles  ; 
your  velocity  and  friction  loss  in  first  mile  will  be  30^  feet  per 
second  velocity,  and  2  pounds  per  mile  friction  loss,  and  in  the  last 
mile  of  2^  feet  pipe  velocity  41  feet  per  second,  friction  loss  2.76  pounds 
per  mile,  making  a  total  loss  of  70  pounds  in  the  30  miles,  and  leaving  a 
pressure  of  172  pounds  at  the  forty-first  mile  point ;  here  we  will 
increase  to  3  feet  diameter  and  continue  same  20  miles.  Your  velocity 
in  first  mile  will  be  29.3  feet  per  second,  and  friction  loss  of  1.15  pounds 
per  mile,  and  in  last  mile  of  3  feet  pipe,  velocity  34  feet  per  second, 
friction  loss,  1.38  pounds  per  mile,  making  a  total  loss  of  25  pounds  in 
the  20  miles,  and  leaving  a  pressure  of  147  pounds  at  the  sixty-first  mile 
point ;  here  we  will  increase  to  3^  feet  diameter,  and  continue  sarne  for  15 
miles,  the  velocity-  in  first  mile  will  be  25  feet  per  second,  and  friction 
loss  0.6  pounds  per  mile,  and  in  last  mile  velocity  27  feet  per  second, 
friction  loss  0.68  pounds  per  mile;  total  loss  in  15  miles  10  pounds,  leaving 
a  pressure  of  137  pounds  at  the  seventy  sixth  mile  point ;  here  we  will  in- 
crease to  4  feet  diameter  and  maintain  same  to  terminus  of  yourlme,  or 
for  225  miles,  and  your  total  loss  in  that  distance  will  be  136.8  pounds, 
leaving  0.2  pounds  pressure  to  maintain  the  flow  of  gas  there  of  207  feet 
per  second. 
Our  pipe  line  beginning  2    feet  in  diameter  and  ending  4   feet  will 
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transport  225,000,000  cabic  feet  every  24  bouts  with  an  initial  pressure  of 
300  pounds  per  square  inch.  This  line,  I  believe,  you  will  find  to  be  the 
cheapest  that  could  be  built  to  do  that  work,  but  for  other  considerations 
it  would  be  better  to  lay  a  double  line  of  pipe  for  the  more  perfect  pro- 
tection of  your  consu»ners  in  case  of  accident  to  one  line.  Having  calcu- 
lated for  a  pipe  of  iniiial  diameter  of  2  feet,  we  can  readily  ascertain 
what  initial  diameter  would  be  required  using  two  pipes  to  convey  the 
same  amount  of  gas,  and  you  would  find  that  two  lines  beginning  18 
inches  diameter  and  ending  3  feet  will  deliver  nearly  the  same 
amount,  as  the  2-4  foot  single  line  will  d@.  I  wish  to  show  you  a 
peculiarity  of  these  friction  losses.  Let  us  take  a  pipe  4  feet  diameter 
and  continue  this  diameter  the  300  miles,  and  assume  a  discharge  same 
as  before,  235,000,000  cubic  feet  daily,  what  initial  pressure  would  be  re- 
quired ? 

Beginning  at  the  terminus  and  working  backward,  we  will  find  the 
.losses  thus  : 

1st  to  6th  mile 6  miles 14)^  lbs. 

6th-'  18th    "   13  " 17       " 

18ch"36th    "   18  "  17       " 

36th"60th'-   24  "  17       '' 

60th'- 90th    "   30  "'  17       " 

90th"12oth"  38  "  17       " 

126th  "  168tti  " 42  "  17       " 

168th"216th"  48  "  17       " 

S16th"270th"   54  " 17       '' 

270th  "300th"  30  "  8^  " 

300  miles.  Friction  loss 159  lbs. 

The  friction  loss  remaining  the  same  for  every  additional  increment  of 

6  miles,  thus  you  would  need  but  160  pounds  of  well  pressure  to  transport 

225,000,000  cubic  feet  daily   300  miles  through  a  pipe  4  feet  diameter 

throughout.     Again  you  can  readily  obtain  total  friction  loss  in  any  pipe 

line  of  constant  diameter,  length  and  pressure  given.  Assume  a  discharge, 

calculate  the  friction  loss  in  first  mile,  multiply  this  friction  loss  by  the 

number  of  times  in  density  the  gas  in  first  mile  is  above  atmosphere,  add 

PO 
to  this  the  friction  loss  in  last  mile  and  divide  this  sum  by  (-p-  X  1).     PO 

equals  initial  pressure  above  vacuo.    P  equals  14.7  atmosphere  pressure. 

Thus,  for  last  example :  Terminal  velocity  207  feet   per  second,  inital 

159  +  14  7 
pressure  159  pounds.  iTt"""  =  H*?.  The  friction  loss  in  first  mile  will 

be  0.3  pound.     This  multiplied  by  11.6  equals  3.48  pounds;   friction  loss 

in  last  mile  3.2  pounds  ;  adding  3.48  +  3.2  equals  6.68    v~-~c i    =    ^-^^ 

pound  as  average  friction  loss  per  mile,  and  for  300  miles  0.53  X  300  equals 
159  pounds  as  before.  This  renders  quite  simple  what  would  otherwise 
be  a  tedious  calculation.     Let  us  now  look  into  the  cost  of  our  pipe  line. 

The  average  pressure  in  the  10  miles  of  2-foot  pipe  would  be  275  pounds. 
But  since  there  would  be  times  when  the  whole  pressure  of  300  pounds 
would  be  on  the  whole  length  of  10  miles,  it  should  be  made  suflSciently 
strong  to  safely  withstand  the  same.  The  thickness  of  said  pipe  should 
be,  if  of  wrought  iron  or  steel  plate,  f  inch  thickness,  costing  $25,000 
per  mile  complete.     The  3i-foot  pipe  would  also  have  to  stand  300 pounds 
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pressure,  and  would  have  to  be  -^^  inch  thickness,  and  cost  $37,000  per 
mile.  Here  an  automatic  governor  should  be  placed  in  your  pipe,  so  as 
not  to  allow  a  greater  pressure  beyond  this  point  than  225  pounds  per 
square  inch,  for  if  the  pipe  line  was  doing  its  full  capacity,  the  pressure 
would  be  but  172  pounds,  and  less  on  the  3-foot  pipe.  With  225  pounds 
pressure,  thicknrss  of  pipe  vvould  be  f  inch  and  cost  $37,000  per  mile. 
Your  3^  feet  diameter  would  require  to  be  y\  inch  thickness,  and  cost 
$45,000  per  mile.  Here,  again,  an  automatic  pressure  regulator  should 
be  placed  to  prevent  the  pressure  beyond  exceeding  160  pounds  maxi- 
mum, and  your  4  feet  would  average  in  thickness  throughout  its  entire 
length  I  inch,  and  cost  $30,000  per  mile.  This  would  make  your  pipe 
line  net  complete  ten  million  dollars  ;  add  to  this  the  cost  of  right  of 
way,  gas  property,  drilling  of  wells  and  city  i^ipe  system,  and  your  total 
cost  of  plant  would  be  nearly  $16,000,000. 

In  the  above  estimate,  I  have  assumed  the  pipe  to  be  of  wrought  iron 
boiler  plate,  double  riveted,  and  to  be  laid  above  ground  ;  and  arrang- 
ments  made  for  the  contraction  which  must  take  place  when  the  gas  is 
turned  on,  either  by  using  expansion  joints  or  laying  the  pipe  in  a  wavy 
line. 

There  is  another  material  that  could  be  used,  which,  I  think,  would  be 
even  cheaper  than  riveted  work,  and  that  is  open-hearth  or  Bessemer 
cast  steel  pipe.  This  metal  can  be  made  in  large  amounts  possessing  a 
tensile  strength  of  60.000  pounds  per  square  inch,  and  allowing  a  factor 
of  safety  of  10,  you  would  have  the  same  strength  for  each  inch  cross  sec- 
tion as  from  a  3  inch  cross  section  of  cast  iron,  and  the  weight  would  thus 
be  one-third  lighter  than  cast  iron,  but  heavier  than  boiler  plate.  These 
pipe  ought  to  be  made  for  2:^  cents  per  pound,  or  even  less  for  such  large 
pipe.  It  is  not  my  intention  to  go  into  the  detail  of  cost,  but  simply  to 
to  show  that  a  pipe  line  can  be  laid  to  carry  a  large  quantity  of  gas  a 
great  distance,  and  at  a  cost  within  bounds.  At  first  sight,  the  sum  of 
$16,000,000  might  seem  to  be  so  great  as  to  preclude  cajDitalists  from  in- 
vesting in  such  a  scheme,  but  when  we  estimate  the  receipts  from  sale  of 
this  gas,  we  will  probably  change  our  minds. 

One  thousand  cubic  feet  of  natural  gas  contain  1,000,000  heat  units  ;  one 
bushel,  or  eighty  pounds  of  hard  coal,  1,200,000  heat  units.  In  burning 
gas  for  domestic  purposes  you  realize  50  per  cent,  more  of  its  heat  than 
from  burning  coal,  or  your  gas  would  be  equal  to  100  pounds,  of  hard  coal. 
Hard  coal  in  New  York  City  or  Philadelphia  is  worth  $5  per  ton,  or  25 
cents  per  100  pounds.  If  we  should  sell  this  gas  for  12^  cents  per  1,000 
cubit  feet,  it  would  reduce  the  cost  of  fuel  to  the  consumers  50  per  cent. 
The  daily  receipts  from  sale  of  200,000,000  would  be  $25,000,  or  $10,000,- 
000  per  year.  Allowing  fifteen  per  cent,  on  investment,  you  have  re- 
maining for  yearly  running  expenses,  improvements,  repairs  and  sinking 
fund  $7,750,000. 

You  may  ask  how  is  it  that  you  figure  such  a  large  revenue,  when  in 
Pittsburgh  their  total  yearly  revenue  is  but  $2,500,000?  The  facts  are,  in 
Pittsburgh  soft  coal  is  used  and  sells  for  $1.25  per  ton  as  against  $5  in 
New  York. 

If  you  should  pipe  from  Findlay  Field  to  Chicago,  you  could  not  realize 
over  10  cents  per  1,000  cubic  feet,  but  even  here  $8,000,000  per  year 
revenues  should  pay  handsomely. 
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Cleveland  and  Cincinnati  are  both  nearer  the  gas  territory,  and  the 
cost  of  plant  very  much  less.  These  places  must  very  sorn  avail  them- 
selves of  this  cheap  fuel. 

It  remains,  in  my  opmion,  but  to  determine  the  permanency  of  the 
supply  of  this  fuel  to  induce  capital  into  this  channel  of  business,  and  we 
can  look  in  the  near  future  for  the  building  of  vast  systems  of  pipe  lines 
to  all  manufacturing  centres  in  this  country. 

There  is  another  question  I  should  like  to  have  this  society  consider, 
and  that  is  to  determine  the  quantity  of  gas  discharged  from  an  orifice 
under  heavy  pressures. 

Professor  Robinson,  of  this  State,  and  others  went  to  Findlay  last  sum- 
mer to  make  some  measurements  of  the  gas  wells,  and  in  his  pamphlet 
he  gives  several  examples  of  the  pressures  and  discharges  of  same,  also 
a  most  interesting  account  of  his  experiments  with  the  Pitot  tube  for 
measuring  dynamic  and  static  pressures,  and  showing  the  very  great 
accuracy  of  the  Pitot  tube  ;  he  settled  this  point  by  his  experiments,  that 
outside  of  the  plane  of  the  orifice  there  was  no  static  pressure,  while 
inside  there  was  both  static  and  dynamic;  in  other  words,  at  the  plane  of 
the  orifice  the  static  pressure  becomes  dynamic  and  does  work. 

We  will  consider  one  of  the  examples  given  in  his  book,  the  Kurg  well. 
The  pressure  at  the  end  of  a  4-inch  pipe  when  the  valve  was  full  open 
w^as  15  pounds  per  square  inch  ;  from  this  he  calculates  by  the  adiabatic 
formula  the  velocity  of  flow  to  be  1,513  feet  per  second,  and  as  the  area 
of  4-inch  pipe  is  0.0873  square  feet,  the  discharge  per  second  would  be  132 
cubic  feet,  or  12,000,000  cubic  feet  per  24  hours.  What  is  this  velocity  in 
this  case  ? 

If  we  calculate  the  velocities  of  fluids  of  0.6  specific  gravity  and  1.2 
specific  gravity,  under  pressures  of  15  pounds  per  square  inch,  assuming 
each  fluid  as  incompressible,  the  velocities  would  be  1,778  feet  and  1,244 
feet;  if  we  add  these  and  divide  by  2  we  have  an  average  velocity  of 
1,511  feet  per  second.  This  is  the  average  velocity  of  flow;  but  is  it  as  he 
makes  it,  the  average  velocity  for  a  gas  of  0.6  density?  Is  it  not  the 
velocity  for  a  gas  of  average  density  between  0.6  and  1.2,  which  would 
make  the  discharge  18,000,000  instead  of  12,000,000  cubic  feet  per  day? 
That  it  is  surely  more  than  12  million  I  think  I  can  clearly  prove. 

If  the  gas  was  incompressible  and  of  specific  gravity  0.6,  its  velocity  of 
flow  would  be,  under  15  pounds  pressure,  1,778  feet  per  second,  and  quan- 
tity discharged  13^  million  cubic  feet. 

From  the  formula  V  =  ^2  g  h  we  have  the  velocity  varies  directly  as 
the  square  root  of  the  height,  the  height  varies  inversely  as  the  densities, 
and  therefore  the  weight  of  fluid  flowing  per  second  Avould  vary  inversely 
as  the  square  root  of  the  height,  thus  a  greater  weight  of  fluid  would 
flow  per  second  from  a  pressure  of  one  pound  on  water  than  from  one 
pound  pressure  on  air,  or  from  one  pound  on  gas  of  specific  gravity  1.2, 
than  from  one  pound  on  gas  of  specific  gravity  0.6,  and  that  this  would 
be  inversely  as  to  the  square  roots  of  the  heights,  which  in  this  case 
would  be  as  |/l  :  j/2  or  18  million  cubic  feet  per  day.  Again,  take  gas 
specific  gravity  0.6  under  one  pound  pressure,  velocity  would  be  456  feet 
per  second;  assuming  one  square  foot  area  of  orifice  and  one  cubic  foot 
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of  gas,  specific  gravity  0.6  =  one  pound  in  weighty  the  weight  of  flow 
would  be  456  pounds  per  second,  gas  at  specific  gravity  1.2  under  one 
pound  pressure,  velocity  would  be  318  feet  per  second,  and  weight  318X 
2  =  636  pounds  per  second. 

Calculated  by  the  adiabatic  formula  your  velocity  would  be  430  feet 
per  second,  and  by  Professor  Robinson's  method  but  430  pounds,  26 
pounds  less  than  456  pounds  ;  which  must  be  wrong.  To  me  it  would 
seem  to  be  correct  to  calculate  the  velocity  of  flow  due  to  pressure  and 
density,  multiply  this  velocity  by  the  number  of  times  the  gas  is  in 
density  greater  tban  gas  is  at  atmospheric  density,  then  by  area  of  open- 
ing, etc.     Thus  15  pounds  pressure  its  density  would  be  1.2  and  velocity 

1.2 
1,244   feet  per  second,  multiply  1,244  by  -— ^  =  2  X  1,244,  we  would  have 

2,488  X  .0873  X  86,400,   we  would  have    18  million  cubic  feet  discharge 
per  day. 

There  is  still  another  method  of  proof.  Calculate  the  initial  velocity 
by  this  formula  where  the  length  of  pipe  is  quite  short: 

/g  X  ct  (Pq  ^  -  p7^) 

y  [S  J  +  log.-p-r 

g  =  d2. 

c  t  =  47,000. 

d  =  diam.  in  feet. 

Z  =  length     "        pipe. 

s  =  coef.  friction,  .006. 

Pq  and  Pi  =  initial  and  terminal  pressures  per  square  foot  above  vacuo. 

The  terminal  pressure  in  this  case  is  15  pounds,  or  29.6  pounds  above 
vacuo  ;  the  initial  pressure  say  for  a  length  of  10  feet  can  be  figured  by 
calculating  the  friction  loss  in  that  distance;  the  following  formula  will 
give  you  the  weight  of  the  fluid  flowing  per  second  : 

^^  .  /gclHPo'-Pr) 


tv  =   -r/W     /     4:1  Po\ 

^    [s  -^  +  log.-pljd, 

where  n  =  3. 1416. 

If  you  will  work  this  by  this  formula  you  will  find  the  weight  of  fluid 
flowing  per  second  to  be  9.6  pounds,  which  would  be  the  weight  of  210 
cubic  feet  of  gas,  specific  gravity  0.6,  or  a  discharge  of  18  million  cubic 
feet  per  day. 


MEMOIR    OF  CLARENCE  WILLIAMS  LUNT. 

Member  of  the  Boston  Society  of  Civil  Engineers. 

Born  I^ov.  9,  1850  ;  Died  Feb.  22,  1884. 


Mr.  Lunt  was  born  in  Portland,  Maine.  His  parents  removed  to  Rox- 
bury  when  he  was  ten  years  old.  He  was  educated  in  the  public  schools, 
going  through  the  Grammar  and  into  the  Roxbury  High  School.  He  was 
a  good  scholar,  excelling  in  mathematics. 

He  was  small  in  stature,  and  never  very  strong.  He  entered  the  office 
of  T.  &  J.  Doane  in  Charlestown  as  a  student  of  engineering  October  1, 
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1866,  and  remained  till  June  18,  1869.  About  this  time  he  went  West 
with  Mr.  Thomas  Doane  to  Nebraska,  and  entered  the  service  of  the 
B.  &  M.  R.  R.  R.  in  Nebraska,  where  he  was  engaged  as  resident  upon 
the  Plattsmouth  division  of  that  road.  Later  he  was  employed  in  Mis- 
souri, where  his  health  failed  him,  and  he  suffered  a  slight  shock  of 
paralysis.  After  returning  home  and  partially  recovering  his  health,  he 
became  associated  with  Mr.  H.  H.  Moses,  in  Roxbury.  While  in  this 
oflSce  he  married,  December  19, 1877,  Miss  Sarah  Margaret  Smith,  of  Rox- 
bury, who  had  been  a  school  mate  and  youthful  acquaintance.  In  1879 
he  became  associated  in  business  with  Mr.  Arthur  Hodges,  and  this  con- 
tinued to  the  time  of  his  death. 

In  the  summer  of  1881,  olSce  work  being  dull,  Mr.  Lunt  was  engaged 
in  railroad  surveying  in  Pennsylvania,  but  in  a  few  months  was  again 
driven  home  by  ill  health.  In  1882  he  seemed  through  the  first  half  of 
the  year  in  the  best  of  health,  but  in  the  fall  the  first  symptoms  of  par- 
alysis of  the  throat  and  of  consumption  developed.  Thinking  a  southern 
climate  would  benefit  him,  he  undertook  the  next  year  some  professional 
work  in  connection  with  silver  mines,  of  Sonora,  and  gold  mines  of  the 
Indian  Territory,  but  finding  himself  running  down  rapidly,  he  again  re- 
turned home  in  September,  1883,  n(  t  again  to  leave  it  professionally. 

In  the  last  year  of  his  life  he  became  a  menberof  the  Masonic  Fra- 
ternity, which  was  the  source  of  considerable  comfort  to  him. 

He  was  of  studious  habits,  reserved  in  manner,  sensitive  in  disposition. 
These  were  qualities  not  usually  appreciated  in  the  professional  life  of 
the  engineer,  and  not  of  the  kind  to  enable  him  to  push  his  way  in  the 
world . 

He  spent  his  evenings  usually  with  his  family  when  not  profession- 
ally absent,  was  a  lover  of  home,  and  excluded  his  business  matters 
from  it. 

He  leaves  a  widow  and  three  children.  The  names  of  the  children 
are  Margaret  Sargent,  Dwight  Smith  and  Olive  Ann  Meserve,  aged  now 
resDectively  7,  6  and  4  years.  He  left  a  small  property,  which,  with  the 
wife's  patrimony,  places  them  in  comfortable  circumstances. 

Mr.  Lunt  is  buried  at  Forest  Hills  Cemetery,  in  the  Smith  lot. 

Mr.  Lunt  was  elected  to  membership  in  the  Boston  Society  of  Civil 
Engineers,  Oct.  20,  1875,  In  1882-83  he  represented  the  Society  as  one 
of  the  committee'  of  three  on  "  The  Metric  System  of  Weights  and 
Measures,"  and  his  name  is  signed  to  a  very  important  report  of  this  Com- 
mittee made  to  the  Society  at  its  annual  meeting,  March  21,  1883. 

The  following  tribute  to  his  memory  is  from  Rev.  A.  H.  Plumb,  the 
pastor  of  his  father's  family,  who  saw  much  of  him  during  his  sickness. 

"Mr.  Lunt  was  an  uncommonly  intelligent  man.  He  did  not  confine 
his  researches  to  his  professional  studies.  He  read  much  and  on  a  wide 
range  of  topics.  On  many  of  Ihe  great  themes  of  profomder  inquiry  be 
had  thought  much.  It  was  to  be  regretted  that  at  one  time  his  mind 
took  a  too  skeptical  turn.  It  does  not  appear,  however,  that  he  ever  sur-> 
rendered  his  belief  in  the  verities  of  the  Christian  religion,  and  during  his 
long  illness  he  showed  excellent  evidence  of  a  calm  and  steady  faith  in 
God,  and  of  a  patient  resignation  under  the  afflictive  orderings  of  the 
divine  will. 
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"  He  made  a  heroic  struggle  for  life.  He  was  annbitious,  and  greatly 
desired  to  live  to  carry  out  his  cherished  and  laudable  plans.  A  few 
years  more,  he  confidently  felt,  would  be  worth  a  great  deal  in  fulfilling 
his  life  work  and  his  heart's  desires. 

"  But  he  studied  carefully  the  nature  of  the  malady  against  which  he 
was  contending,  a  disease  of  the  throat,  which  for  a  long  time  did  not 
much  affect  his  general  strength,  and  at  length  he  became  convinced 
that  before"  long  it  would  put  a  period  to  his  life.  In  his  boyhood,  I  have 
heard,  if  he  met  with  any  great  disappointment,  it  was  not  his  way  to  say 
anything,  but  to  go  away  by  himself  with  an  axe  or  a  spade,  and  work 
off  his  feelings  by  violent  exercise. 

"  And  so  he  told  me,  when  he  at  last  reached  the  conclusion  that  it  was 
only  a.  question  of  a  few  months  when  he  must  die,  he  said  nothing,  but 
went  down  into  the  cellar  alone  and  violently  assaulted  the  stone  wall 
until  he  was  thoroughly  tired  out.  Then  he  could  talk  calmly  of  the 
prospect  before  him.  As  his  disorder  advanced,  his  difficulty  in  taking 
food  increased.  He  was  literally  starvmgto  death.  It  was  pitiful  to  see 
the  signs  of  a  hunger  which  he  could  not  gratify. 

'•  He  used  to  take  long  walks,  and  a  strange  fascination  led  him  to  fre- 
quent the  public  markets  and  to  feast  his  eyes,  at  least,  on  the  abundant 
and  tempting  display  of  numberless  varieties  of  food.  Once,  he  told  me, 
he  really  envied  Dr.  Phillips  Brooks.  He  chanced  one  day  to  see  him  at 
the  Boylston  Market  take  up  a  big  apple  and  bite  out  nearly  half  of  it  at 
one  bite,  and  eat  it  down  with  evident  relish.  Poor  man  !  he  could  hardly 
swallow  a  few  drops  of  the  blandest  liquid.  To  the  end,  however,  he 
was  patient  and  serene,  speaking  freely — and  who  that  heard  him  can 
forget  his  earnest  whispered  tones — of  the  mysterious  future  and  of  the 
spirit  in  which  he  was  going  forth  to  meet  it. 

•*  A  high-minded  man  of  unblemished  integrity,  genial,  affectionate  and 
true,  his  many  friends  cherish  his  memory  with  loving  esteem." 

I  believe  we  may  say  of  Mr.  Lunt,  as  an  engineer,  that  he  was  honest 
and  honorable  every  way.  It  is  said,  "  an  honest  man  is  the  noblest 
work  of  God."  I  think  it  may  truly  be  said  an  honest  engineer  is  the 
noblest  work  of  God.  A  dishonest  engineer  is  a  contradiction  in  terms. 
The  two  words  sometimes  get  together,  through  the  force  of  circumstances 
and  great  temptations,  but  they  do  not  belong  together,  and  wont  stay 
together  permanently.  A  dishonest  engineer  is  a  wolf  in  sheep's  cloth- 
ing, a  devil  in  the  form  of  an  angel,  a  nothing,  a  zero,  a  zero  removed  a 
thousand  places  to  the  right  from  the  decimal  pomt,  if  that  can  diminish 
the  value  of  a  nothing.  The  engineer  has  placed  in  his  hands  the  expen- 
ditures of  vast  amounts  of  money  and  the  construction  of  works,  which 
in  numberless  ways  involve  the  lives,  the  property  and  the  comfort  of 
the  community.  He  is  trusted,  as  a  matter  of  course.  If  he  is  false  to 
his  trust,  no  words  of  language,  no  expressions,  of  whatsoever  sort,  can 
sufficiently  or  fully  express  the  contempt  in  which  he  should  be  held  by 
his  fellowmen.  He  should  be  spurned  from  business  and  social  life  and 
suffer  perpetual  professional   banishment.      He   should   commit  jDrofes- 

sional  hari  kari  and  get  out  of  the  way. 

Thomas  Doajs^e,  Committee. 


MEMOIR  OF  THEOPHILUS  E.  SICKELS. 

Honorary  Member  Boston  Society  Civil  Engineers,  Member  American 

Society  Civil  Engineers. 
Born  1822,  Died  February  4,  1885. 


The  following  is  copied  from  the  Proceedings  of  the  American  Society 
for  November,  1885,  page  130  : 

Theophilus  E.  Sickels  was  a  son  of  Dr.  John  Sickels,  an  old  New 
York  citizen,  member  of  the  Cholera  Commission  of  that  city  during 
1828-32,  and  afterwards  Medical  Inspector  of  the  city  ;  an  ardent  poli- 
tician, an  original  thinker,  and  a  man  of  large  reading  and  marked  ability. 
Mr.  Sickels  received  an  academical  education,  and,  like  his  father,  was  a 
classical  scholar,  although  particularly  excelling  in  mathematics  and 
physical  science. 

He  entered  his  profession  in  1839  at  the  age  of  17,  as  an  assistant  in  the 
construction  of  the  Croton  Aqueduct,  under  Mr.  John  B.  Jervis,  Hon.  M. 
Am.  Soc.  C.  E.  Subsequently  he  was  engaged  upon  the  Erie  Railway, 
upon  the  enlargement  of  the  Erie  Canal  and  upon  the  Bear  Mountain 
Railway.  From  1848  to  1856,  he  was  a  resident  engineer  upon  the  Boston 
Water- Works. 

He  was  also  engaged  upon  the  construction  of  the  United  States  Dry 
Dock  at  Brooklyn,  and  in  1852  was  the  Chief  Eagineer  of  the  Philadelphia 
&  Westchester  Railroad.  From  1855  to  1857  he  was  the  Chief  Engineer  of 
the  Philadelphia  &  Baltimore  Central  Railroad  ;  1857  to  1860  Chief  Engi- 
neer and  General  Superintendent  of  the  Hannibal  &  St.  Joseph  Railroad. 
Subsequently  he  was  engaged  upon  the  construction  of  the  bridge  over 
the  Harlem  River  at  Third  avenue,  New  York.  In  1868  he  became  the 
Chief  Engineer  and  General  Superintendent  of  the  Union  Pacific  Railway, 
resigning  that  office  in  1874,  but  retaining  so  greatly  the  confidence  of 
the  management,  that  he  held  the  position  of  its  consulting  pngineer  at 
the  time  of  his  death. 

In  1874  he  was  designated  by  the  President,  General  Grant,  as  his  per- 
sonal choice,  as  one  of  the  commission  of  seven  engineers  to  consider 
and  recommend  to  Congress  the  proper  method  for  securing  an  open 
mouth  to  the  Mississippi  River.  In  the  performance  of  this  duty  Mr. 
Sickels  visited  Europe,  and  joined  in  the  report  upon  which  the  action 
oi:  Congress  was  based,  resulting  in  the  notable  improvement  of  the 
South  Pass.    Mr.  Sickels  was  an  earnest  advocate  of  the  jetty  system. 

In  1876  Mr.  Sickels  was  one  of  the  judges  of  the  Centennial  Exposition 
in  Philadelphia,  and  in  1878  was  the  representative  of  the  American  So- 
ciety of  Civil  Engineers  at  the  Paris  Exposition.  He  was  afterward  con- 
nected as  chief  or  consulting  engineer  with  various  enterprises  in  differ- 
ent parts  of  the  United  States,  and  at  the  time  of  his  death  was  the  con- 
suiting  engineer  of  the. South  Pennsylvania  Railroad.  In  an  inspection 
of  one  of  the  tunnels  in  course  of  construction  on  that  road,  he  inhaled 
the  fumes  from  an  explosion,  from  the  effects  of  which  he  never  recov- 
ered. 

Mr.  Sickels  built  the  Omaha  bridge  of  the  Union  Pacific  Railway,  one 
of  the  earliest  constructions  with  iron  tubular  piers.  He  was  at  the  time 
of  his  death  constructing  a  bridge  over  the  Arkansas  at  Little  Rock. 
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Mr.  Sickels'  large  experience  in  the  United  States  was  supplemented 
^^J  frequent  visits  abroad.  His  wide  and  accurate  professional  knowl- 
edge, his  cultivated  judgment,  and  the  great  personal  purity  of  his 
character,  made  him  the  adviser  and  trusted  counselor  of  many  of  the 
men  who  have  had  to  do  with  the  great  undertakings  in  public  works 
in  the  United  States  for  many  years  past.  Although  constantly  con- 
nected with  active  and  important  engineering  works,  Mr.  Sickels  man- 
ners were  very  modest  and  unpretending,  and  only  when  he  became 
ardent  in  the  discussion  of  professional  topics,  would  one  appreciate  the 
range  of  his  knowledge  and  his  power  of  concise  and  luminous  expres- 
sion. Mr,  Sickels'  home  was  at  Kennett  Square,  Chester  County,  Pa., 
where  he  had  a  delightful  residence.  He  retained,  however,  his  pro- 
fessional office  in  New  York  up  to  his  decease.  He  was  a  widower, 
and  leaves  but  one  daughter.  Mr.  Sickels  was  elected  a  Member  of  the 
American  Society  of  Civil  Engineers,  February  21,  1872. 

This  ends  the  quotation  from  the  memoir  of  the  American  Societ}', 
•which  does  not  need  the  indorsement  of  this  Society,  and  for  which  it  is 
in  no  way  responsible. 

Mr.  Leavitt  Burnham,  of  Omaha,  for  many  years  Land  Commissioner 
of  the  Union  Pacific  Railway  Co.,  writes  to  me  as  follows  concerning  Mr. 
Sickels  : 

••  He  came  here  about  1868  or  9  to  direct  the  building  of  the  Missouri 
Biver  Bridge,  which,  being  then,  I  believe,  the  second  structure  only  of 
its  kind  in  the  U.  S.,  if  not  in  the  world,  claimed  and  received  e.-'pecial 
skill,  ingenuity  and  fertility  of  resource. 

*'  After  its  completion  he  acted  for  several  years  as  General  Superintend- 
ent of  the  Union  Pacific,  and  has,  I  think,  subsequently  and  until  near 
his  death  been  their  consulting  and  advising  engineer,  especially  in  mat" 
ters  outside  routine  or  established  character. 

"  His  marked  characteristic  was  his  ability  to  fill  just  such  places,  and 
his  stiong  good  sense  and  independent  original  judgment  made  him 
successful  where  others  failed,  by  not  venturing,  or  lacking  power,  fer" 
tility  and  energy  to  go  forward  if  they  did.  This  was  particularly  illus- 
trated in  case  of  the  bridge,  which  was  constantly  criticised,  but  by  its 
effectiveness,  "Strength  and  durability  has  justified  all  his  decisions  and 
direction  concerning  it.  (As  to  its  structural  style,  you  are  of  course 
familiar.) 

"  He  was  a  person  well  poised,  cool,  calm,  equal  to  emergencies,  but 
mot  given  to  egotism,  temper  or  unhappy  ways  of  asserting  himself. 

"  He  was  genial,  happy  and  agreeable  in  intercourse  and  a  most  pleas- 
ant conversationalist  and  companion,  a  deep  reader  and  close  observer. 

'•  I  am  unable  to  give  facts  and  dates  concerning  his  chief  works." 

Mr.  C.  S.  Stebbins,  of  Omaha,  General  Ticket  Agent  of  the  Union 
Pacific  Railway,  says  of  Mr.  Sickels 

"  While  I  enjoyed  a  personal  acquaintance  with  Mr.  Sickels  from  my 
boyhood,  my  knowledge  of  his  business  career  was  confimed  to  the  period 
extending  from  1870  to  1874,  during  which  time  he  had  charge  of  the 
Missouri  River  Bridge  at  Omaha,  as  Chief  Engineer  and  Superintendent, 
sad.  was  also  General  Superintendent  of  the  Union  Pacific  Railroad. 

"His  skillful  management  of  the  latter  demonstrated  what  up  to  that 
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time  had  been  regarded  as  very  doubtful,  that  the  property  could  be- 
operated  so  as  to  pay  not  only  current  expenses,  but  interest  on  all  its' 
obligations  and  finally  handsome  dividends. 

"  Jn  1854.  while  serving  as  Engineer  of  the  Philadelphia  &  Baltimore- 
Central  Railroad,  now  a  portion  of  the  Pennsylvauia  system,  he  made  the 
acquaintance  at  Kennett  Square  of  Miss  Lydian  Taylor,  a  member  of  an 
old  and  honored  family  that  has  produced  several  distinguished  men  of 
more  than  local  reputation,  and  a  year  later  married  her,  and  established 
his  residence  at  Kennett  Square,  which  remained  his  home  until  his  death. 
His  wife  and  one  daughter  died  in  1876.  One  daughter,  now  a  young 
womnn,  survives  him. 

"  Mr.  Sickels  was  distinguished  by  the  simplicity  and  abstemiousness  of 
his  personal  habits,  the  warmth  of  his  domestic  affection,  his  social 
nature,  his  enjoyment  of  life,  his  ready  sympathy  and  his  active  and  un- 
ostentatious charity,  the  extent  of  which  was  never  known  except  to 
himself  and  to  its  recipients,  unless  divulged  by  accidental  circumstances. 
The  death  of  few  men  is  mourned  with  a  sense  of  personal  loss  by  so 
wide  a  circle  of  friends  unconnected  by  ties  of  relationship  or  interest." 

While  Mr.  Sickels  was  Engineer  of  the  contractor  building  the  Hanni- 
bal &  St.  Joseph  Railroad,  he  was  known  to  one  of  your  Committee, 
Mr.  Vose.  who  indorses  all  that  has  been  said  concerning  Mr.  Sickels* 
ability,  experience,  and  social  character. 

Mr.  Doane,  of  your  Committee,  made  the  acquaintance  of  Mr.  Sickels 
at  Omaha,  in  1869.  The  Missouri  River  Bridge  was  then  under  construc- 
tion. As  nearly  as  I  remember  it  was  attempted  to  sink  the  tubes  of  the 
piers  by  the  "open  to  the  air"  process,  but  the  pneumatic  process  was 
resorted  to.  Much  difficulty  was  experienced  in  sinking  the  tubes  ver- 
tically in  the  swift  current  and  treacherous  bottom  of  the  Missouri 
River.  That  part  of  the  tubes  below  surface  was  of  cast  iron^  and  the 
parts  above  were  of  wrought  iron.  The  tubes  when  sunk  to  the  bottom 
were  filled  with  layers  of  about  two  feet  of  broken  stone,  which  were 
then  grouted.  As  some  of  this  work  was  done  in  very  cold  weather,  salt 
was  mixed  with  the  grout  to  prevent  freezing.  The  tubes  filled  in  sum- 
mer, afterwards  burst  in  some  places,  probably  because  the  method  of 
grouting  filled  the  tubes  so  tightly  that  there  was  no  opportunity  for  the 
iron  shell  to  contract  in  cold  weather  without  parting  the  iron  vertically. 
These  tubes  were  afterwards  hooped. 

The  bridge  was  for  a  single  track  and  about  50  feet  above  the  river. 
There  were  two  tubes  in  each  pier,  which  went  down  to  an  extreme  depth 
of  about  85  feet. 

In  some  way  never  fully  understood  the  easterly  span  of  the  bridge  fell. 
It  was  probably  thrown  down  by  a  cyclone. 

The  increase  in  weight  of  rolling  stock,  in  the  volume  of  traffic  and 
the  demand  of  Omaha  and  Council  Bluffs  for  a  connecting  highway,  has^ 
made  it  necessary  to  build  a  new  double  track  bridge  carrying  the  high- 
way, which  is  now  approaching  completion.  The  new"  bridge  occupies 
the  same  site  as  the  old  one,  but  is  set  on  new  stone  piers. 

The  old  bridge  has  done  its  work  in  a  very  satisfactory  way  for  about 
17  years. 

I  last  met  Mr.  Sickels  at  Charleston,  West  Virginia,  in  1881,  when  he 
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was  looking  ever  some  proposed  railroad  locations  across  the  mountains 
toeLween  the  Monongahela  and  the  Elk  and  Kanawha  rivers. 

Our  intercourse  was  always  pleasant. 

Mr.  Sickels  became  a  member  of  the  Boston  Society  of  Civil  Engineers, 

July  3,  1848,  which  was  the  date  of  its  organization,  and  was  therefore  an 

original  member,  being  at  the  time  engaged  upon  the  construction  of  the 

Boston  Water- Works. 

George  L    Vose,  )  ^         ., ^ 
Thomas  Doane,     \  Committee. 


ANCHORAGE  OF  SUSPENSION  BRIDGES. 


By  Carl  Gayler,  Member  of  the  Exsineer^'  Club  of  St.  Louis. 
[Read  March  16,  1S87.] 


The  method  of  anchoring  suspension  bridges  is  well  known  :  The  ends 
of  the  main  cables  are  secured  to  massive  stone  piers  by  means  of  cbains 
extending  into  the  interior  of  these  piers  and  fastened  lo  heavy  iron 
plates.  These  latter  are  located  so  that  the  thrust  of  the  cables  imparted 
to  the  chains  is  resisted  by  as  great  a  portion  of  the  weight  of  the  piers  as 
possible. 

A  somewhat  different  arrangement  we  find  in  the  case  of  a  few  suspen- 
sion bridges  built  in  France,  where  the  principal  tensile  members  of  the 
bridge,  instead  of  ending  at  and  being  attached  to  large  bed  plates,  pass 
around  the  anchor  piers,  thus  forming  a  continuous  line  over  the  whole 
length  of  the  bridge.  Aside  from  this  peculiar  arrangement,  the  designs 
of  anchor  piers  not  only  vary  according  to  the  locality,  the  dimensions  of 
the  structure  and  the  views  of  the  engineer,  but  we  can  also  easily  dis- 
tinguish two  systems  radically  different  from  each  other  in  the  manner 
in  which  the  iron  work  inside  of  the  piers  is  protected  against  corrosion. 
Under  the  first  system,  chambers  or  tunnels,  drained  at  their  lower 
ends,  are  left  in  the  masonry  around  the  full  length  of  the  anchorage, 
so  that  the  latter  is  as  accessible  as  any  part  of  the  superstructure,  and 
can  be  inspected  and  painted.  In  anchor  piers  built  in  this  manner 
there  is  generally  also  provision  made  tor  free  expansion  and  contraction 
•of  the  iron. 

Taking  a  diametrically  opposite  view  of  the  requirements  of  the  case, 
the  engineer  who  designs  the  anchor  piers  according  to  the  second  sys- 
-tem  has  the  ironwork,  from  the  point  where  ic  enters  the  pier  down  to 
the  anchor  plate,  surrounded  by  masonry,  and  carefully  imbedded  in 
hydraulic  cement  mortar. 

This  latter  system  has  been  universally  adopted  in  our  country,  and  it 
is  the  object  of  this  paper  to  point  out  its  defects,  defects  which  cannot 
only  be  clearly  demonstrated,  but  which  have  also  shown  themselves  in 
the  course  of  years  that  our  suspension  bridges  have  been  in  use. 

The  first  question    which   presents   itself,  whether  iron,  imbedded   in 
cement,  is  completely  protected  against  corrosion,  can,  from  the  experi- 
ence gained  Avith  two  old  suspension  bridges  in  Pittsburgh,  and  with  the 
foundations  of  the  Niagara  bridge,  be  answered  in  the  affirmative,  and 
.there  can  indeed  be  no  reason  for  doubting  that  hydraulic  cement,  after 
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the  chemical  process  of  hardening  is  ended,  acts  as  an  air-tight,  impervi- 
ous coating.  During  that  process  the  painting  of  the  iron  can  reasonably 
be  supposed  to  form  a  sufficient  protection  against  any  chemical  action 
between  the  wet  cement  and  the  surface  of  the  metal.  But  supposing 
this  question  to  be  finally  decided  in  favor  of  our  system,  there  is  still 
the  condition  to  be  fulfilled  that  the  close  contact  between  the  metal  and 
the  cement  remains  undisturbed,  as  otherwise  the  access  of  air  and 
dampness  is  unavoidable.  How  far  this  condition  of  a  perfectly  undis- 
turbed position  of  each  member  of  the  anchorage  is  at  variance  with  our 
present  system  of  securing  the  anchorage  we  will  now  examine. 

The  anchor  piers  of  all  suspension  bridges  in  this  country  are  built  on 
the  same  pattern,  they  only  vary  in  size,  not  in  character.  The  anchor 
plate  holds  the  ends  of  the  last  tier  of  eye-bars  by  means  of  a  pin,  the 
different  tiers  of  eye-bars  form  near  the  anchor  plate  a  vertical  line  from 
which  they  gradually  diverge,  so  that  each  consecutive  tier  forms  with 
the  preceding  one  a  certain  angle,  until  the  last  eye-bars  hold  either  the 
strands  of  the  cables  or  connect  with  the  principal  members  of  the  super- 
structure. At  each  joint  where  an  angle  is  formed,  the  heads  of  the  eye- 
bars  rest  on  an  iron  plate  and  dimension  stones. 

We  have  now  to  keep  in  view  the  circumstance  that  the  anchor  piers- 
are  completed  before  work  on  the  superstructure  can  be  begun,  and  that 
the  iron  inclosed  by  the  iDier  has  been  put  in  position  without  any  initial 
strain  whatever.  In  case  the  bridge  is  carried  by  cables  composed  of 
wires,  there  is  generally  an  interval  of  months,  even  years,  before  the 
completion  of  the  superstructure. 

With  the  progress  of  the  erection  the  strain  is  gradually  applied  to  the 
anchor  chains  until,  after  the  completion  of  the  work,  the  whole  weight 
of  the  superstructure  and  the  additional  pull  produced  either  by  railroad 
trains  or  by  the  traffic  of  some  large  city  are  brought  to  bear  on  the 
anchorage.  The  efiect  will  be  as  follows  :  Supposmg  the  end  anchor 
plate  and  pin  to  be  close  up  against  their  bearing,  a  stretching  of  the 
anchor  chains  will  take  place,  gradually  increasing  in  direct  proportion  to 
the  distance  from  the  end  pin.  (For  a  strain  of  10,C00  pounds  to  the 
square  inch  this  elongation  amounts  to  about  one-sixteenth  of  an  inch  in 
twelve  feet.)  To  this  movement  has  to  be  added  the  play  of  each  pin  in 
the  pin  hole.  The  strain  in  the  iron  changes  in  intensity  under  the  mov- 
ing loads  of  the  bridge,  but  in  the  last  tier  of  eye  bars,  in  those  which 
connect  directly  with.the  superstructure,  not  only  its  intensity,  but  also 
its  direction,  varies.  These  bars  are,  therefore,  not  only  pulled  length- 
ways, but  are  moved  up  and  down  also. 

As  the  anchorage  is  imbedded  in  the  stonework,  we  will  not  take  in 
consideration  the  effect  of  temperature,  although  in  that  part  of  the 
ironwork  which  is  near  the  outside  of  the  pier,  its  effects  certainly  add 
to  the  movements  indicated  above. 

In  order  to  see  clearly  the  result  of  the  movements  of  the  ironwork  inside 
of  the  pier,  impeded  as  they  are  by  the  inclosure  of  mortar  and  masonry,, 
we  will,  for  a  moment,  consider  the  following  two  extreme  suppositions  : 
1.  That  the  iron  moves  freely  according  to  the  laws  of  elasticity.  2. 
That  the  masonry  prevents  any  such  movements.  Under  the  first  sup- 
position, the  contact  between  the  iron  and  the  cement  is  broken,  a  crack 
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all  along  the  iron  is  started,  widening  toward  the  outside,  access  is  made 
for  damp  air  and  the  influences  of  changing  temperatures.  As  the  bars 
stretch,  their  heads  with  their  pins  are  pulled  forward  in  a  direction  cor- 
responding to  the  curvature  of  the  anchorage,  thus  causing  a  bending  of 
the  eye-bars  edgeways  and,  owing  to  the  resistance  at  the  bearing  of 
the  heads,  bending  strains  in  the  latter  also.  Besides  exposing  the  iron 
to  corrosion,  fibre  strains  have  been  produced  in  addition  to  those  for 
which  the  anchorage  has  been  designed. 

If,  on  the  other  hand,  we  suppose  that  the  mortar  and  the  stonework 
effectually  resist  the  movements  of  the  ironwoik,  we  have  to  accept  the 
following  conclusions  :  Aside  from  the  friction  between  the  surfaces  of 
the  eye-bars  and  the  mortar,  the  principal  resistance  is  formed  at  the 
joints,  the  increased  width  of  the  heads  over  the  bars,  the  ends  of  one 
set  of  eye-bars  and  the  nuts  of  the  pin  forming  an  actual  surface  against 
the  hardened  hydraulic  cement  mortar  and  the  stonework.  There  is, 
therefore,  the  novel  duty  imposed  on  the  eye-bar  heads  of  dividmg  their 
work  between  transferring  the  strains  of  one  set  of  bars  to  the  following 
one  and  acting  for  the  pin  as  bearings  on  the  masonry.  It  is  also  easy 
to  see  that  the  resistance  at  the  joints  is  larger  toward  the  end  of  the 
pins  than  at  the  centre,  which  fact  produces  an  increased  bending  mo- 
ment in  the  pin  and  has  a  different  effect  on  the  different  eye-bar  heads. 
Enlarging  the  size  of  the  pin  w^ould  be  an  easy  matter,  but,  as  it  is  a  well- 
known  fact  that  the  weak  part  of  an  eye-bar  is  its  head  and  that  an  in- 
crease of  the  metal  in  the  head  does  not  insure  a  correspondingly  greater 
strength,  it  is  not  justifiable  to  cause  in  these  heads  additional  fibre  strains 
hard  to  define  in  their  nature  and  extent. 

The  actual  condition  inside  of  the  anchor  pier  can  reasonably  be  sup 
posed  to  be  a  compromise  between  the  two  extreme  suppositions  which 
we  have  just  considered,  andean  be  summed  up  as  follows  : 

First.  The  close  contact  between  the  ironwork  and  the  hydraulic 
cement  mortar  is  broken  and  corrosion  will  set  in  sooner  or  later. 

Second.  The  different  parts  of  the  ironwork  are  subjected  to  internal 
strains  for  which  they  have  not  been  proportioned,  and  the  intensity  and 
directions  of  which  are  extremely  difficult  to  ascertain. 

The  above  considerations  may  appear  to  many  of  not  sufficent  Impor- 
tance to  warrant  a  complete  change  of  the  system  of  our  anchorages, 
but  there  is  nothing  unimportant  in  engineering.  If  we  look  back, 
what  changes  have  taken  place  in  the  designs  of  bridges  during  the  last 
20  years,  brought  about  principally  by  taking  into  account  strains  which 
no  engineer  formerly  considered  important  enough  to  be  taken  mto 
consideration?  Who  thought  15  years  ago  of  calculating  bending 
moments  in  pins  or  the  web  bearing  of  rivets,  and  yet  what  changes 
have  been  wrought  in  our  details  through  these  seemingly  "  unimportant 
things."  In  view  of  the  faithful  and  conscientious  work  of  our  bridge 
builders  we  can  only  wonder  that  this  most  important  part  of  our  sus- 
pension bridges  has  been,  and  is  being  up  to  date,  built  in  the  same  prim- 
itive, not  to  say  reckless,  manner  as  m  the  first  suspension  bridge  built 
40  or  50  years  ago. 

The  points  stated  above  are  confirmed  by  the  following  facts  which 
appeared  after  careful  examination  of  the  anchorage  of  the  Niagara 
bridge. 
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1.  Nearly  all  the  pins  were  found  to  be  bent  convex  towards  the  cables 
in  some  cases  the  convexity  amounted  to  -^^  of  an  inch  in  the  total  bear- 
ing length. 

2.  The  curved  positions  of  all  chains  had  settled  forward  towards  the 
river  and  downward,  leaving  cavities  between  the  cement  and  upper 
edges  of  the  links  and  back  of  the  pins.  The  cavities  were  largest  at  the 
upper  joints,  and  nearly  disaj^peared  about  the  third  joint  down.  The 
portion  of  the  metal  thus  exposed  had  a  thin  coating  of  rust. 

3.  A  number  of  the  outer  wires  of  the  end  strands  had  to  be  cut  out 
and  replaced — mostly  those  of  the  outer  strands.  All  inner  wires  were 
found  to  be  as  clean  and  smooth  as  when  first  put  in. 

Colonel  Paine  and  L.  L.  Buck,  the  engineers  in  charge  of  this  exam- 
ination, say  in  their  report  in  regard  to  the  condition  of  the  wires  :  '•  The 
evident  cause  of  the  corrosion  was  the  elongation  and  contraction  of  the 
wires  of  the  strands,  due  to  loads  passing  upon  and  off  from  the  bridge, 
thereby  loosening  the  wires  from  the  cement,  thus  admitting  moisture, 
which  gradually  worked  down  to  the  lowest  point.  The  portion  of  the 
cement  among  the  strands  would  go  and  come  with  the  strands  them- 
selves, thus  excluding  the  moisture." 

An  investigation  into  the  condition  of  the  anchorage  of  the  St.  Clair 
bridge  across  the  Allegheny  River  at  Pittsburgh,  made  shortly  after  the 
floor  of  that  bridge  had  been  destroyed  by  fire,  showed  the  wire  strands, 
which  had  been  imbedded  in  the  masonry,  to  be  in  a  condition  similar  to 
that  of  the  end  strands  of  the  Niagara  bridge.  It  was  found  necessary 
to  cat  out  and  replace  a  great  number  of  the  wires. 

In  this  work  of  reconstruction  the  end  strands  have  been  left  accessible, 
a  step  in  the  direction  which  I  have  tried  to  indicate  in  this  paper. 


PROGRESS  OF  METALLURGY  IN  1886. 


Extract  from  a  Paper  by  Geo.  W.  Goetz,  Member  of  the  Civil  Engineers' 

Club  of  Cleveland. 
LRead  January  25,  1887.] 


The  time  at  my  disposal  will  permit  me  to  mention  only  the  most  im- 
portant improvements  in  metallurgy,  and  I  shall  therefore  confine  my- 
self to  the  metal  magnesium  and  its  oxide,  and  the  latter's  application 
to  the  manufacture, of  very  soft  steel. 

Improvements  in  the  working  of  nearly  all  the  metals  have  been  made. 

In  1884  the  price  of  magnesium  in  New  York  was  quoted  at  $50  per 
pound  in  the  price  lists  of  the  chemical  companies,  but  it  can  now  be 
bought  for  about  $5  per  pound.  It  is  manufactured  on  a  large  scale 
by  a  firm  in  Hanover  by  electrolysis,  using  the  waste  chloride  of  mag- 
nesium of  the  Stassfurt  mines  in  Northern  Germany. 

Besides  various  uses  in  the  chemical  industry  to  replace  finely  divided 
zinc  as  a  reducent,  it  is  mainly  used  for  light  and  to  make  nickel  ingots 
soHd.  The  ocean  steamers  use  considerable  of  the  metal  for  signals  and 
when  entering  port  at  night. 

A  torch  containing  magnesium  is  now  used  abroad  for  processions, 
which   we  will  probably  see  during  our  next  campaign  here.     A  pure 
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nickel  ingot  is  very  honeycombed,  but  by  the  addition  of  only  about  i 
per  cent,  of  magnesium  a  perfectly  sound  ingot  is  obtained.  Nickel  in- 
gots can  now  be  rolled  into  thin  sheets  and  can  be  welded  to  iron.  Such 
nickel-covered  sheet  iron  is  now  used  extensively  for  the  manufacture  of 
household  goods.  This  material  wears  better  than  electro-plated  ware, 
and,  as  nickel  is  very  hard,  it  will  stand  any  amount  of  hard  rubbing  to 
keep  it  bright  without  any  danger  of  it  wearing  away. 

But  the  principal  improvement  is  the  use  of  oxide  of  magnesium  for 
the  manufacture  of  soft  steel  out  of  materials,  which  heretofore  could 
not  be  used  for  the  manufacture  of  steel,  such  as  pig  iron  with  phos- 
phorus higher  than  contained  in  ordmary  Bessemer  pig  and  general 
mixed  scrap,  and  to  produce  therefrom  a  material  with  less  than  0.040 
per  cent,  of  phosphorus  and  other  constituents  as  desired. 

So  much  has  been  written  on  the  basic  process  for  ihe  manufacture  of 
steel  out  of  phosphoric  pig,  that  I  shall  not  attempt  to  make  a  detailed 
description  of  this  process,  but  in  order  to  show  you  the  advantages  to 
be  derived  by  the  use  of  magnesia  for  furnace  linings,  a  short  description 
of  the  basic  process  will  help  you  to  more  easily  understand  the  matter. 
Dolomite  or  limestone  is  subjected  to  a  very  high  heat  generally  in  a 
cupola,  so  that  the  material  will  not  only  losa  its  carbonic  acid,  but  «v^ill 
change  its  molecular  condition  so  much  that  when  a  piece  is  moistened, 
it  will  not  slack  in  the  time  ordinary  burned  limestone  will,  and  further- 
more, it  must  have  been  heated  so  highly  that  when  it  is  subjected  to  a 
high  heat  in  a  process,  it  will  not  shrink  in  volume. 

This  material  is  crushed,  mixed  with  tar  free  from  ammonia  and 
water,  and  is  then  ready  to  be  rammed  in  as  a  lining  for  a  Bessemer  con- 
verter or  on  the  hearth  of  a  steel  melting  furnace.  As  soon  as  the  lining 
has  been  rammed,  it  is  heated  up  to  coke  the  tar,  the  coke  acting  as  a 
bmder  for  the  shrunk  material.  As  soon  as  the  lining  is  ready  and  heated 
up,  from  14  to  20  per  cent,  of  burned  lime  is  added,  and  then  the  pig  iron 
is  charged  and  the  converter  erected  to  be  blown.  As  soon  as  the 
carbon  is  nearly  all  eliminated,  the  so-called  afterblow  takes  place,  during 
which  period  the  phosphorus  is  eliminated.  As  soon  as  the  desired 
amount  of  dephosphorization  has  taken  place,  the  slag  is  poured  off  by 
tipping  the  converter  slightly,  and  then  after  the  addition  of  ferro- 
manganese  the  steel  is  poured  into  a  ladle  and  cast  into  molds. 

Heretofore  the  slag  was  poured  off  from  the  charge  at  the  end  of  the 
process,  but  lately  some  of  the  Westphalian  works  pour  off  the  slag  when 
the  bulk  of  the  phosphorus  has  been  removed,  and  then  add  fresh  lime  to 
remove  the  last  low  percentages.  This  manipulation  is  a  decided  improve- 
ment ;  it  not  only  dephosphorizes  more  effectually,  but  it  also  gives  a 
slag  more  suitable  for  agricultural  purposes  than  when  the  whole  quan- 
tity of  slag  is  carried  to  the  end  of  the  process.  There  are  very  many 
interesting  facts  connected  with  this  subject,  which  I  cannot  mention 
at  present. 

The  pig  iron  used  for  the  process  must  be  as  low  as  possible  in  silicon, 
in  order  to  protect  the  basic  lining  and  in  order  to  be  able  to  easily  pro- 
duce a  highly  basic  slag,  for  Mr.  Hilgenstock,  of  Horde,  has  shown  that 
for  successful  dephosphorization  the  constitution  of  the  slag  must  be  so 
that  a  tetraphosphate  of  lime   can  easily  form.     As  the   silicon  is  very 
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low  in  the  pig  iron,  and  as  it  is  the  heat-giving  element  in  the  Bessemer 
process,  some  other  heat-giving  element  must  be  present  in  such  a  quan- 
tity that  sufficient  heat  is  generated  to  carry  through  the  blow  and  to 
cast  the  ingots.  This  is  the  reason  why  about  2  per  cent,  of  phosphorus 
is  desired  in  basic  pig  iron.  Pig  iron  containing  2  per  cent,  of  phos- 
phorus, from  1  to  2  per  cent,  of  manganese  and  silicon,  and  sulphur  as 
low  as  possible,  is  not  very  plentiful  here,  and  when  we  consider  the 
extra  expense  for  refractories  and  labor  connected  with  the  basic  pro- 
cess, and  the  large  supply  of  low  phosphorus  ores  in  the  country,  it  will 
probably  be  a  long  time  yet  before  the  basic  Bessemer  process  will  be 
carried  out  here  to  such  an  extent  as  it  is  abroad. 

The  basic  open-hearth  process,  though,  seems  to  have  quite  a  future  at 
present,  because  one  is  not  bound  to  any  special  composition  of  the  raw 
materials.  Pig  iron,  regardless  of  the  percentage  of  phosphorus  it  con- 
tains, can  be  used ;  brands  which  contain  too  much  phosphorus  for  the 
acid  Bessemer  process  and  not  enough  for  the  basic  Bessemer,  especially 
those  containing;  from  0.20  to  0.50  per  cent,  of  phosphorus,  which  can  be 
produced  cheaper  than  Bessemer  pig,  and,  what  is  the  most  important,  a 
large  amount  of  miucellaneous  scrap  is  used,  of  which  there  is  a  large 
amount  in  the  country,  especially  in  the  West.  These  materials  are 
charged  into  a  furnace  having  either  a  lining  made  out  of  shrunk  dolo- 
mite, magnesia  or  chrome  ore.  As  soon  as  the  charge  is  melted  the 
slag  is  drawn  off  with  broad  hooks  ;  fresh  lime  is  then  charged  on  the 
melted  metal,  which  is  again  removed.  This  manipulation  is  repeated 
until  the  metal  has  been  dephosphorized  to  the  desired  extent  ;  ferro- 
mangantse  is  then  added  and  casting  commenced.  Where  there  is  a 
basic  Bessemer  plant,  the  basic  open  hearth  with  dolomite  is  the  most 
economical,  because  freshly  shrunk  dolomite  can  always  be  obtained 
from  the  Bessemer  works  ;  but  where  this  is  not  the  case,  magnesite  or 
chrome  is  preferred. 

After  calcination,  the  magnesia  can  be  stored  for  a  long  time,  whereas 
shrunk  dolomite  must  be  used  fresh. 

The  magnesite  has  the  remarkable  property  not  to  flux  with  the  silica 
sides  of  a  furnace,  whereas  shrunk  dolomite  must  be  separated  from 
any  silicious  parts  of  the  furnace  by  a  layer  of  magnesia  or  chrome  ore. 

A  magnesia  brick  can  be  placed  into  direct  contact  with  a  silica  brick 
without  any  fluxing  taking  place.  This  property  of  magnesia  and 
chrome  to  allow  a  lining  of  them  to  lie  up  against  a  silicious  lining  and 
at  the  same  time  to  resist  the  corrosive  action  of  a  highly  basic  slag  is 
highly  important  for  the  manufacture  of  soft  steel,  out  of  materials 
which  could  not  be  utilized  in  a  furnace  lined  with  sand,  on  account  of 
the  variable  amounts  of  phosphorus  the  product  would  have. 

Magnesia  is  also  one  of  the  most  powerful  refractories  we  have.  I 
have  placed  a  piece  of  the  calcined  mineral  in  the  hottest  part  of  a  Sie- 
mens steel  melting  furnace  without  having  any  melting  effect  on  it 
whatever.  Nearly  all  the  wire  works  of  the  country  have  tried  soft  basic 
steel,  and  can  attest  its  extreme  softness,  and  the  consequent  larger 
reductions  possible  in  afterwards  drawing  the  same. 

The  process  is  at  present  in  operation  in  Germany  for  soft  wire  rods, 
and  in  France  for  rods  and  sheets,  where  I  have  had  occasions  to  study 
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the  process  ;  it  is  also  in  operation  in  Russia  for  rails  out  of  scrap,  which 
has  accumulated  in  Russia,  and  which  scrap  contains  tco  much  phos- 
phorus to  otherwise  work  it  up. 

The  basic  steel  is  the  nearest  thing  to  metallic  iron  which  has  as  yet 
been  produced. 

The  process  is  not  covered  by  patents.  Emil  Muller  took  out  patents  in 
1869  on  a  lining  made  of  magnesia  and  basic  additions  for  the  purpose  of 
dephosphorization.  These  patents  have  expired.  At  that  time  they  had 
not  been  successful  in  making  a  lining,  because  no  matter  how  highly 
the  magnesia  was  heated,  the  material  remained  in  a  pulverulent  form; 
the  magnesia  employed  was  too  pure.  Recently,  however,  large  deposits 
of  magnesite  have  been  discovered  in  Styria,  w-hich  has  a  small  per- 
centage of  silica,  lime,  alumina  and  iron,  just  sufficient  to  cause  a  lining 
as  described  to  stick  together.  The  process  is  out  of  its  experimental 
stage,  as  many  tons  of  soft  steel  low  in  phosphorus  are  being  produced, 
and  there  seems  to  be  no  doubt  but  that  the  magnesia  process  will 
soon  be  an  imjDortant  addition  to  our  great  steel  industry. 
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Note. — The  reports  upou  the  subject  of  Steel  Tapes,  by  Messrs.  Varney  and 
Culley,  will  appear  in  a  subsequent  number  of  the  Journal. 

Notwithstanding  the  wonderful  development  of  our  steel  industries  in 
the  last  decade,  the  improvements  in  the  modes  of  manufacture,  and  the 
undoubted  strength  of  the  metal  under  certain  circumstances,  neverthe- 
less we  find  that  steel  has  not  altogether  met  the  requirements  of  engi- 
neers as  a  structural  material.  Although  its  breaking  strain  and  elastic 
limit  are  higher  than  those  of  wrought  iron,  the  latter  metal  is  frequently 
preferred  and  selected  for  tensile  members,  even  when  steel  is  used  under 
compression  in  the  same  structure.  The  Niagara  cantilever  bridge  is  a 
notable  instance  of  this  practice.  When  steel  is  used  in  tension  its  work- 
ing strains  are  not  allowed  to  be  over  fifty  per  cent,  above  those  adopted 
for  wrought  iron. 

The  reasons  for  the  suspicion  with  which  steel  is  regarded  are  well 
tmderstood.  Not  only  is  there  a  lack  of  uniformity  in  the  product, 
but  apparently  the  same  steel  will  manifest  very  different  results  under 
slight  provocation.  Steel  is  very  sensitive,  not  only  to  slight  changes 
in  chemical  composition,  but  also  to  mechanical  treatment,  such  as 
straightening,  bending,  punching,  planing,  heating,  etc.  Initial  strains 
may  be  developed  by  any  of  these  processes  that  would  seriously 
affect  the  efficiency  of  the  metal  in  service. 

Among  the  steels,  those  that  are  softer  are  more  serviceable  and  reli- 
able than  the  harder  ones,  especially  wherever  shocks  and  concussions 
or  rapidly  alternating  strains,  are  to  be  endured.     In   other  words,  the 
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more  nearly  steel  resembles  good  wrought  iron,  the  more  certain  it  is  to 
render  lasting  service  when  used  within  appropriate  limits  of  strain. 
Indeed  a  wrought  iron  of  fine  quality  is  better  calculated  to  endure 
fatigue  than  any  steel.  This  is  particularly  noticeable  in  steam  hammer 
pistons,  propeller  shafts,  and  railroad  axles.  A  better  quality  of  wrought 
iron,  therefore,  has  long  been  a  desideratum,  and  it  appears  now  that  it 
has  at  last  been  found. 

Several  years  since  a  pneumatic  process  of  manufacturing  wrought 
iron  was  invented  and  patented  by  Dr.  Chapin,  and  an  experimental 
plant  was  erected  near  Chicago.  Enough  was  done  to  demonstrate,  first, 
than  an  iron  of  unprecedentedly  good  qualities  was  attainable  from  com- 
mon pig  ;  and  second,  that  the  cost  of  its  manufacture  would  not  exceed 
that  of  Bessemer  steel.  Nevertheless,  owing  to  lack  of  funds  properly  to 
push  the  invention  against  the  jealous  opposition  which  it  encountered,  the 
enterprise  came  to  a  halt  until  quite  recently,  when  its  merits  found  a 
champion  in  Gustav  Lmdenthal,  C.  E.,  Member  of  this  Club,  who  is  now 
the  General  Manager  of  the  Chapin  Pneumatic  Iron  Co.,  and  under  whose 
direction  this  new  quality  of  iron  will  soon  be  put  upon  the  market. 

The  process  of  manufacture  is  briefly  as  follows  :  the  pig  metal,  after 
being  melted  in  a  cupola  and  tapped  into  a  discharging  ladle,  is  delivered 
into  a  Bessemer  converter,  in  which  the  metal  is  largely  relieved  of  its 
silicon,  sulphur,  carbon,  etc.,  by  the  ordinary  pneumatic  process.  At 
the  end  of  the  blow  the  converter  is  turned  down  and  its  contents  dis- 
charged into  a  traveling  ladle,  and  quickly  delivered  to  machmes  called 
bailers,  which  are  rotary  reverberatory  furnaces,  each  revolving  on  a 
horizontal  axis.  In  the  bailer  the  iron  is  very  soon  maJe  into  a  ball 
without  manual  aid  ;  it  is  then  lifted  out  by  means  of  a  suspended  fork 
and  carried  to  a  Winslow  squeezer,  where  the  ball  is  reduced  to  a  roll 
twelve  inches  in  diameter.  Thence  it  is  taken  to  a  furnace  for  a  wash 
heat  and  finally  to  the  muck  train. 

No  reagents  are  employed,  as  in  steel  making  or  ordinary  iron  puddling. 
The  high  heat  of  the  metal  is  sufficient  to*preserve  its  fluidity  during  its 
transit  from  the  converter  to  the  bailer  ;  and  the  cinder  from  the  blow  is 
kept  in  the  ladle. 

The  bailer  is  a  bulging  cylinder  having  hollow  trunnions  through 
which  the  flame  passes.  The  cylinder  is  lined  w^ith  fire-brick,  and  this 
in  turn  is  covered  with  a  suitable  refractory  iron  ore,  from  eight  to  ten 
inches  thick,  grouted  with  pulverized  iron  ore,  forming  a  bottom,  as  in 
the  common  puddling  furnace.  The  phosphorus  of  the  iron,  which 
cannot  be  eliminated  in  the  intense  heat  of  the  converter,  is,  however, 
reduced  to  a  minimum  in  the  bailer  at  a  much  lower  temperature  and 
on  the  basic  lining.  The  process  wastes  the  lining  very  slightly  indeed. 
As  many  as  sixty  heats  have  been  taken  off  in  succession  without  giving 
the  lining  any  attention.  The  absence  of  any  reagent  leaves  the  iron 
simply  pure  and  homogeneous  to  a  degree  never  realized  in  muck  bars 
made  by  the  old  puddling  process.  Thus  the  expense  of  a  reheating  and 
reroUing  to  refine  the  iron  is  obviated.  It  was  such  iron  as  here  results 
that  Bessemer,  in  his  early  experiments,  was  seeking  to  obtain,  when  he 
was  diverted  from  his  purpose  by  his  splendid  discoveries  in  the  art  of 
making  steel.     So  effective  is  the  new  process,  that  even  from  the  poorest 
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grades  of  pig,  may  be  obtained  economically  an  iron  equal  in  quality  to 
the  refined  irons  made  from  tbe  best  pig  by  the  ordinary  process  of 
puddling. 

Numerous  tests  of  the  Chapin  irons  have  been  made  by  competent  and 
disinterested  parties,  and  the  results  published.  The  samples  here  noted 
were  cut  and  piled  only  once  from  the  muck-bar. 

Sample  A  was  made  from  No.  3  mill  cinder  pig. 

Sample  B  was  made  from  No.  4  mill  pig,  and  No.  3  Bessemer  pig,  half 
and  half. 

Sample  C  was  made  from  No.  3  Bessemer  pig,  with  the  following 

results  : 

Sample.  A.  B.  C. 

Tensile  strength  per  sq.  in 56,000  60,772  64,377 

Elasticlimit 34,000  36,000 

Extension,  per  cent 11.8  17.0 

Reduction  of  area,  per  cent 65.0  16.0  33.0 

The  tensile  strength  of  these  irons  made  by  ordinary  puddling  would 
be  about  S8,C0O,  40,000,  and  42,000  respectively,  or  the  gain  of  the  iron 
in  tensile  strength  by  the  Chapin  process  is  about  fifty  per  cent.  Not 
only  so,  but  these  irons  made  in  this  manner  from  inferior  pig  show  a 
higher  elastic  limit  and  breaking  strain  than  are  commonly  specified  for 
refined  iron  of  best  quality.  The  usual  specifications  are.  for  refined 
iron:  Tensile  strength,  50,000;  elongation,  15  percent.;  elasticlimit, 
26,000  ;  reduction,  25  per  cent. 

Thus  the  limits  of  the  Chapin  iron  are  from  12  to  20  per  cent,  above 
those  of  refined  iron,  and  not  far  below  those  of  structural  steel,  while 
there  is  a  saving  of  some  four  dollars  per  ton  in  the  price  of  the  pig  iron 
from  which  it  can  be  made.  When  made  from  the  best  pig  metal  its 
breaking  and  elastic  limits  will  probably  reach  70,000  and  40,000  pounds 
respectively.  If  so,  it  will  be  a  safer  material  than  steel  under  the  same 
working  strains,  owing  to  its  greater  resilience. 

Such  results  are  very  interesting  in  both  a  mechanical  and  economical 
point  of  view.  Engineers  will  hail  with  delight  the  accession  to  the  list 
of  available  building  materials  of  a  wrought  iron,  at  once  fine,  fibrous, 
homogeneous,  ductile,  easily  weldable,  not  subject  to  injury  by  the  ordi- 
nary processes  of  shai)ing,  punching,  etc.,  and  having  a  tensile  strength 
and  elastic  limit  nearly  equal  to  any  steel  that  could  safely  be  used  in  the 
same  situation. 

A  plant  for  the  manufacture  of  Chapin  iron  is  now  in  course  of  erection 
at  Bethlehem,  Pa.,  and  there  is  every  reason  to  believe  that  the  excellent 
results^attained  in  Chicago  will  be  more  than  reached  in  the  new  works. 

Foundations  of  the  Central  Viaduct  of  Cleveland,  O. 
The  Central  Viaduct,  now  under  construction  in  the  city  of  Cleveland, 
is  probably  the  longest  structure  of  the  kind  devoted  entirely  to  street 
traffic.  The  superstructure  is  in  two  distinct  portions,  separated  by  a 
point  of  high  ground.  The  main  portion  extending  across  the  river 
valley  from  Hill  street  to  Jennings  avenue  is  2,840  feet  long  on  the  floor 
line,  including  the  river  bridge,  a  swing,  233  feet  in  length  ;  the  other 
portion,  crossing  Walworth  Run  from  Davidson  street  to  Abbey  street,  is 
1,093  feet  long.  Add  to  these  the  earthwork  and  masonry  approaches, 
1,415  feet  long,  and  we   have  a  total   length  of   5,348  feet.    The  width  ot 
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roadway  is  40  feet,  sidewalks  8  feet  each.  The  elevation  of  the  roadway- 
above  the  water  level  at  the  river  crossing  is  102  feet.  The  super, 
structure  is  of  w^rought  iron,  mainly  trapezoidal  trusses  varying  in 
length  from  45  feet  to  150  feet.  The  river  piers  are  of  first-class 
masonry  on  pile  and  timber  foundations.  The  other  supports  of  the 
viaduct  are  wrought-iron  trestles  on  masonry  piers,  resting  on  broad 
concrete  foundations.  The  pressure  on  the  material  beneath  the  con- 
crete, which  is  plastic  blue  clay  of  varying  degrees  of  stiffness  mixed 
with  fine  sand,  is  about  one  ton  per  square  foot. 

The  Cuyahoga  Valley,  which  the  viaduct  crosses  from  bluff  to  bluff, 
is  composed  mainly  of  blue  clay  to  a  depth  of  over  150  feet  below  the 
river  level.  No  attempt  is  made  to  carry  the  foundation  to  the  rock. 
White  oak  piles  of  from  50  to  60  feet  in  length  and  10  inches  in 
diameter  at  small  end  are  driven  for  the  bridge  piers  either  side  of  the 
riverbed,  and  these  are  cut  off  with  a  circular  saw  18  feet  below  the 
surface  of  the  water.  Excavation  by  dredging  was  made  to  a  depth  of 
3  feet  below  where  the  piles  are  cut  off  to  allow  for  the  rising  of  the  clay 
during  the  driving  of  the  piles.  The  piles  are  spaced  about  2  feet  5  in(;hes 
each  vvay,  centre  to  centre.  The  grillage  or  platform  covering  the  piles 
consists  of  14  courses  of  Avhite  oak  timber  12  inches  by  12  inches,  having 
a  few  pine  timbers  interspersed  so  as  to  allow  the  mass  to  float  during 
construction.  The  lower  half  of  the  platform  was  built  on  shore,  care 
beng  taken  to  keep  the  lower  surface  of  the  mass  of  timber  out  of  wind. 
The  upper  and  lower  surfaces  of  each  timber  were  dressed  in  a  Daniels 
planer  and  all  pieces  in  the  same  course  were  brought  to  a  uniform  thick- 
ness. The  timbers  ir.  adjacent  courses  are  at  right  angles  to  each  other. 
The  lower  course  is  about  58  feet  by  22  feet,  the  top  course  about  50  by  24 
feet,  thus  allowing  four  steps  of  one  foot  each  all  around.  The  first 
course  of  masonry  is  48  feet  by  21  feet  8  inches  ;  the  first  course  of  bat- 
tered work  is  41  feet  8^  inches  by  16  feet  3  inches.  Thus  the  area  of  the 
platform  on  the  piles  is  1,856  square  feet  and  of  the  first  batter  course  of 
masonry  777.6  square  feet,  or  in  the  ratio  of  2.4  to  1.  Tiie  height  of  the 
masonry  is  78  feet  above  the  timber,  or  73^  feet  above  the  water.  The 
number  of  piles  in  each  foundation  is  312.  The  average  load  per  pile  is 
about  11  tons,  and  the  estimated  pressure  per  square  inch  of  the  timber 
on  the  heads  of  the  piles  is  about  200  pounds. 

To  prevent  the  submersion  of  the  lower  courses  of  masonry  during  con- 
struction, temporary  sides  of  timber  were  drift-bolted  to  the  margin  of 
the  upper  course  of  the  timber  platform,  and  carried  high  enough  to  be 
above  the  surface  of  the  v*^ater  when  the  platform  was  sunk  to  the  head 
of  Ihe  piles  by  the  increasing  weight  of  masonry. 

The  centre  pier  is  octagonal,  and  is  built  in  the  same  general  manner  as 
to  fomidations  as  the  shore  piers,  but  the  piles  are  cut  off  22  feet  below 
water,  and  there  are  eighteen  courses  of  timber  in  the  grillage.  The 
diameter  of  the  platform  between  parallel  sides  is  53  feet,  while  that  of 
the  lower  course  of  battered  masonry  is  but  37  feet.  The  areas  are  as 
2,333  to  1,147,  or  as  2  to  1  nearly.  The  pressure  per  square  inch  of  tim- 
ber on  the  lieads  of  the  piles  is  about  the  same  as  stated  above  for  the 
shore  piers.     The  number  of  piles  under  the  centre  pier  is  483. 

The  risks  and  delays  by  this  method  of  constructing  the  foundations 
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were  much  less,  and  tlie  cost  also,  than  if  an  ordinary  coffer  dam  had 
been  used.  Also  the  total  weight  of  the  piers  is  much  less,  as  that  por- 
tion below  a  point  about  two  feet  below  the  water  adds  nothing  to  their 
weight. 

The  piles  were  dri%^en  with  a  Cram  steam  hammer  weighing  two  tons, 
in  a  frame  weighing  also  two  tons.  The  iron  frame  rests  directly  upon 
the  head  of  the  pile  and  goes  down  with  it.  The  fall  of  the  hammer  is 
about  40  inches  before  striking  the  pile.  The  total  penetration  of  the 
piles  into  the  clay  averaged  27  feet.  The  settlement  of  the  pile 
during  the  final  strokes  of  the  hammer  varied  from  one  quarter  to 
three-quarters  of  an  inch  per  blow. 

There  are  132  masonry  pedestals,  of  which  eight  are  large  and  heavy, 
carrying  spans  of  considerable  length.  They  will  all  be  built  upon  con- 
crete beds  except  a  few  near  the  river  on  the  north  side,  where  piles  are 
required. 

The  four  abutments  with  their  retaining  walls  are  of  first-class  rock- 
faced  masonry.  The  footing  courses  are  stepped  out  liberally,  so  as  to 
present  an  unusually  large  bottom  surface.  They  rest  on  beds  of  con- 
crete 4  feet  thick.  The  foundation  pits  are  about  50  feet  below  the  top 
of  the  bluffs  and  are  in  a  material  common  to  the  Cleveland  plateau,  a 
mixture  of  blue  sand  and  clay,  with  some  water.  The  estimated  load  of 
masonry  on  the  earth  at  the  bottom  of  the  concrete  is  one  and  seven- 
tenths  tons  to  the  square  foot.  Two  of  the  large  abutments  were  com- 
pleted last  season.  They  show  an  average  settlement  of  three-eighths 
of  an  inch  since  the  lower  footing  courses  were  laid. 

The  facts  and  figures  here  given  regarding  the  viaduct  were  kindly 
furnished  by  the  City  Civil  Engineer,  C.  G.  Force,  who  has  the  work  in 
charge. 
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By  Thomas  Appleton,  Member  of  the  Bostox  Society  of  Civil  Engineers. 

[Read  February  16,  1887.] 

This  paper  treats  of  the  methods  of  defraying  the  expense  and  assessing 
the  cost  of  public  improvements  in  cities  in  the  West,  with  which  the 
writer  is  familiar.  Some  cities  have  saddled  themselves  with  heavy 
loads  of  debt,  incurred  in  making  improvements  more  rapidly  than  their 
circumstances  warranted,  and  have  been  compelled  to  make  a  radical 
change  of  methods  and  peremptorily  stop  the  issue  of  bonds  for  public 
improvements.  Kansas  City,  in  its  early  days,  like  many  other  Western 
cities,  issued  bonds  with  a  reckless  prodigality  for  public  improvements 
and  in  aid  of  railroads.  It  was  found  necessary  to  forbid  the  increase  of 
debt  for  any  purpose.  The  charter  under  which  it  has  been  governed  for 
the  past  few  years  forbids  the  appropriation  of  a  single  dollar  for  any 
purpose  unless  the  money  is  actually  in  the  treasury  at  the  time.  It  has 
been  Tound  necessary,  therefore,  to  assess  the  entire  cost  of  improving 
streets,  building  sewers,  etc.,  upon  the  property  benefited.  The  grading, 
curbing  and  paving  of  streets  is  assessed  directly  upon  the  abutting 
property  in  proportion  to  its  frontage.  The  whole  cost  of  the  improve- 
ment, from  end  to  end,  including  street  intersection,  is  assessed  upon 
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the  property.  Where  the  city  owns  a  lot  abutting  on  a  street  thus  graded 
or  paved,  the  city  pays  its  special  tax  bill  just  the  same  as  an  individual 
owner.  The  city  at  large  pays  all  the  engineering  and  inspection 
expenses,  but  all  work  and  material  which* can  be  done  or  furnished  by 
a  contractor  is  included  in  contracts  which  are  awarded  to  the  lowest 
bidder  after  proper  advertisement.  The  contract  and  advertisement 
state  expressly  that  the  city  will  not  pay  for  the  work  except  by  the 
issue  of  special  tax-bills,  which  are  a  lien  upon  the  property  benefited. 

Sewers,  in  that  city,  are  paid  for  in  the  same  manner,  excepting  tliat 
instead  of  assessing  the  cost  upon  the  foot  front  it  is  assesessed  upon  the 
superficial  area  of  each  lot.  The  region  to  be  sewered  is  divided  into 
districts  ;  each  district  is  such  a  portion  of  the  city  as  can  conveniently 
be  drained  by  one  main  or  sub-main  sewer.  Usually  the  whole  system 
of  sewerage  for  a  district  is  not  built  at  once,  but  portions  of  it  are  built 
from  year  to  year  as  the  circumstances  demand.  But  any  sewer  built  in 
a  district,  whether  it  is  the  main  sewer  or  a  remote  lateral,  is  ''paid  for 
by  the  lots  in  the  whole  district  in  proportion  to  their  areas.  All  of  these 
public  improvements,  sewers,  sidewalks,  curbing,  paving,  or  grading, 
are  paid  for  in  special  tax-bills,  against  the  property  benefited.  These 
bills  are  a  peremptory  demand  against  the  owner  for  the  full  amount  of 
the  cost  of  the  improvement  and  bear  interest  at  heavy  rates  from  SO 
days  after  the  date  of  issue.  Many  of  the  owners  are  not  prepared  to 
meet  this  immediate  demand,  and  the  contractors  are  obliged  to  wait, 
sometimes  for  years,  for  the  final  payments.  For  this  reason  any  con- 
tractor who  does  public  work  and  takes  his  pay  in  tax-bills  must  have  a 
bank  behind  him,  and  the  capital  and  risk  must  be  paid  for,  consequently 
the  prices  are  usually  high.  If  the  contractors  were  paid  promptly  in 
cash  the  cost  of  the  work  to  the  property  owner  would  be  much  less  than 
it  is  under  the  present  system. 

In  Chicago,  and  some  other  cities,  the  cost  of  any  contemplated 
improvement  is  estimated  by  ^the  City  Engineer,  assesssed  upon  the 
property  benefited,  and  collected  before  the  contract  for  the  work  is 
let.  The  estimates  are  generally  made  liberal,  so  as  to  be  sure  to  cover 
the  cost  of  the  work,  and  no  contract  is  awarded  unless  its  total  amount 
is  less  than  the  amount  collected.  After  paying  the  contrator,  the  bal- 
lance  of  this  special  tax  collected,  if  any,  is  refunded  to  the  property  own- 
ers. By  this  method  the  whole  cost  of  the  improvement  must  be  paid 
at  once  by  the  pi'operty  owner.  But,  as  the  contractor  is  paid  in  cash, 
the  prices  would  be  usually  smaller  than  where  he  is  paid  in  special 
tax-bills,  as  in  Kansas  City. 

The  thriving  young  city  of  East  Saginaw,  Mich.,  has  methods  of  con- 
ducting public  work  which  commend  themselves  to  those  who  are  con- 
versant with  them.  To  digress  a  little  from  the  subject  of  assessing  and 
paying  the  cost  of  improvements,  the  methods  of  planning  the  work  in 
East  Saginaw  will  be  discussed.  The  water-works  are  owned  by  the 
city,  and  the  mains  are  extended  and  pumping  works  increased  from 
time  to  time  at  the  public  expense.  The  sewerage  system  is  planned  in 
advance.  A  scheme  of  sewerage  for  the  whole  city  has  been  made, 
adopted  by  the  city  council,  and  placed  upon  record  m  the  county  office. 
It  cannot  be  changed  without  going  through  a  considerable  process  of 
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**  red  tape."  This  is  a  wise  provision,  for  the  plans  are  carefully  studied 
and  devised  for  the  most  perfect  sewerage  of  the  whole  city,  and  should 
not  be  subject  to  change  by  ignorant  or  officious  councilmen. 

When  it  is  proposed  to  pave  any  street  the  first  questions  are;  Has  the 
street  a  sewer,  and  are  the  water  main  and  gas  main  laid  ?  Is  there  any 
filling  of  the  street  required  to  bring  it  to  grade  ?  The  city  council  has 
an  established  and  well-observed  rule  that  no  street  shall  be  paved 
until  after  these  improvements  have  been  made.  In  the  early  summer  a 
list  of  streets  to  be  paved  is  determined  upon.  The  Water  Board  is 
notified,  and  they  proceed  to  put  in  service  pipes  from  the  main  to  the 
sidewalk  line  opposite  every  lot.  The  lot  owners  are  notified  to  make 
sewer  connections  forthwith,  and  in  case  any  lot  owner  fails  to  do  so 
the  city  puts  in  a  six  inch  sewer  pipe  connection  from  the  sewer  to  the 
sidewalk  line  opposite  every  lot,  and  the  cost  of  this  connection  is 
assessed  upon  the  propertj^  benefited  and  collected  in  the  next  tax  roll. 
The  gas  company  is  also  notified,  and  while  they  cannot  be  compelled 
to  lay  mains  or  put  in  service  pipes,  the  company  does  as  much  of 
this  work  as  it  thinks  is  warranted  by  the  circumstances.  All  this  is 
done  the  year  before  the  paving  is  commenced.  By  thus  planning  and 
executing  the  work  in  advance  nearly  all  trenching  or  excavation  of 
the  street  is  done  the  year  before  the  paving  is  executed.  Trenches  are 
carefully'refilled,  and  they  have  the  benefit  of  the  rains  and  frosts  to 
completely  settle  and  campact  the  earth. 

The  most  common  style  of  pavement  is  composed  of  cedar  blocks  laid 
upon  one  inch  boards,  with  three  inches  of  river  sand  under  the  boards. 
The  ground  surface  is  carefully  trimmed  to  conform  to  the  shape  of  the 
roadway,  and  is  thoroughly  rolled  with  a  steam  road-roller.  This  work, 
when  w^ell  done  with  a  good  quality  of  boards  and  cedar  blocks,  gives  a 
smooth  and  durable  pavement  at  a  very  small  first  cost.  It  is  very 
rarely  necessary  to  take  up  the  pavement  for  the  purpose  of  laying  pipes 
of  any  kind.  As  an  additional  incentive  to  induce  property  owners  to 
make  their  sewer  and  water  connections  in  advance,  the  ^city  requires 
that  when  a  property  owner  desires  to  take  up  pavement  for  such  pur- 
poses, he  shall  pay  into  the  treasury  not  only  the  whole  cost  of  taking  up 
and  restoring  the  pavement,  which  is  estimated  by  the  Superintendent 
of  Streets,  but  also  an  additional  penalty  of  $25  to  cover  the  depreciation 
of  the  pavement  in  consequence  of  its  being  thus  disturbed.  The  work 
of  taking  up  and  restoring  the  pavement  is  done  by  experienced  men  em- 
ployed by  and  under  the  direction  of  the  Superintendent  of  Streets. 

The  contracts  for  paving  are  usually  awarded  in  the  winter  and  the  work 
commenced  as  early  in  the  spring  as  the  condition  of  the  ground  will 
allow.  The  contractors  for  paving  and  for  building  sewers  are  paid  in 
cash  weekly.  Funds  for  these  payments  are  provided  by  issuing  city 
bonds,  having  five  years  to  run,  the  amount  to  be  issued  in  any  one  year 
and  the  total  amount  outstanding  being  limited  by  the  terms  of  the  city 
charter.  Upon  the  completion  of  the  season's  work,  the  total  cost  of  each 
improvement,  either  in  paving  or  sewer  construction,  is  eitimated  by  the 
Board  of  Public  Works,  and  by  them  assessed  upon  the  property  bene- 
fited. This  assessment,  after  being  ratified  by  the  council,  is  turned  over 
to  the  City  Assessor,  who  divides  the  total  assessment  upon  each  lot  iuta 
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five  parts,  one-fifth  of  the  total  assessment,  with  interest  on  the  remain- 
ing four-fifths  is  placed  in  the  coming  tax-roll,  and  collected  with  other 
taxes.  The  next  year  another  fifth,  with  interest  on  the  remaining 
three-fifths,  is  assessed  and  collected  in  the  same  manner.  Bj  this 
method  the  property  owners  need  pay  only  a  small  portion  of  the  entire 
cost  at  once,  and  the  burden  of  expensive  improvements  is  lightened. 
Consequently,  petitions  for  sewers  or  paving  are  numerous,  and  the 
council  is  compelled  each  year  to  select  from  the  number  those  cases 
which  are  of  the  most  immediate  importance.  If  the  whole  cost  of  such 
improvements  were  demanded  at  once,  it  is  probable  that  petitions  would 
be  rare  and  remonstrances  numerous.  All  public  improvement  sare  done 
under  the  direction  of  a  Board  of  Public  Works,  composed  of  five  mem- 
bers, one  of  whom  goes  out  of  office  each  year.  This  Board  is  appointed 
by  the  Mayor,  and  the  members  serve  without  pay.  The  Board  appoints 
the  City  Engineer  and  Superintendent  of  Streets.  It  should  be  added 
thai  the  city  at  large  pays  for  the  cost  of  paving  or  grading  all  street 
intersections,  and  also  pays  for  the  excessive  cost  of  large  sewers.  In 
estimating  the  amount  to  be  assessed  upon  the  property  for  building  a 
sewer,  the  Board  computes  what  would  have  been  the  cost  of  a  twelve- 
inch  pipe  sewer  for  the  distance  in  question,  and  this  amount  is  assessed 
upon  the  property,  the  balance  being  paid  for  by  the  city  at  large.  By 
this  method  the  city  of  East  Saginaw  is  enabled  to  have  its  public 
improvements  made  at  the  lowest  prices,  and  it  compares  well  with  any 
city  in  the  United  States  in  point  of  condition  of  streets  and  sanitary 
improvements. 

There  may  be  other  cities  having  equally  good  methods,  but  to  the 
writer  the  East  Saginaw  way  seemed  to  be  unique  and  deserving  imita- 
tion. 
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BOSTON  SOCIETY  OF  CIVIL  ENGINEERS. 


April  27,  1887:— A  special  meeting  of  the  Boston  Society  of  Civil  Engineers 
-was  held  and  called  to  order  at  8  o'clock  p.  m,  ,  Pi'esident  L.  Fred  Rice  in  the 
•chair,  thirty-one  Members,  five  visitors  present. 

The  President  read  the  resignation  of  Secretary  H.  L.  Eaton. 

On  motion  it  was  voted  :  That  a  committee  of  five  be  appointed  by  the  chair  to 
nominate  a  Secretary  to  fill  the  vacancy  occasioned  by  the  resignation  of  H.  L. 
Eaton. 

The  Chair  appointed  the  following  committee  :  Fred .  Brooks,  W.  E.  McClin- 
tock,  D.  FitzGerald,  A.  H.  French,  A.  F.  Noyes. 

Professor  W.  S.  Chaplin  exhibited  samples  of  rivets  showing  the  poor  charac- 
ter of  the  work  done  by  one  of  the  best  bridge  companies. 

The  speaker  favored  pin  over  riveted  bridges. 

Mr.  C.  H.  Parker  discussed  the  difference  between  pin  and  riveted  bridges,  and 
called  for  a  description  of  a  pin  bridge,  described  the  improvements  made  in  pin 
bridges  and  contended  that  there  was  not  an  existing  bridge  that  could  be  called 
a  perfect  pin  bridge.  A  modern  bridge  is  a  union  of  the  good  points  of  both  pin 
and  riveted  bridges. 

The  imperfections  in  riveted  bridges  are  due  to  work  done  on  the  site  of  the 
bridge,  not  that  in  the  chop.     Competitive  letting  of  bridges  was  condemned. 

Professor  Chaplin  stated  that  no  bridge  should  be  constructed  before  the  plans 
had  been  submitted  to  a  competent  engineer  for  examination  and  be  subject  to 
inspection  after  erection.  A  State  Bridge  Commission  should  be  organized  and 
a  law  passed  requiring  that  plans  of  bridges  hereafter  erected  should  be  submitted 
to  a  competent  engineer  ior  examination,  and  be  subject  to  rigorous  inspec- 
tion after  erection  and  before  being  open  to  travel. 

Mr.  H.  Manley  agreed  with  the  preceding  speaker.  Highway  bridges  should  be 
-subject  to  inspection  as  well  as  railway  bridges.  Any  law  passed  or  any  steps 
taken  must  be  very  carefully  considered  so  that  no  responsibility  should  be  shifted 
from  the  railroads  to  the  State. 

Mr.  Fred  Brooks  :  Among  experts  the  opinion  is  gaining  favor  that  there 
should  be  a  Mutual  Insurance  Company  for  bridges,  which  should  teach  how  to 
construct  bridges  as  well  as  insure  them. 

Mr.  Manley  :  The  public  have  two  safeguards  in  this  matter.  Heavy  finan- 
cial responsibility  of  railroads  for  injuries  or  death  to  its  patrons  by  accident. 

The  pressure  of  pubUc  opinion  as  affecting  the  business  and  future  prosperity  of 
railroads. 

Mr.  Parker  favored  an  inspection  of  bridges  similar  to  the  English  system  of 
inspection  of  iron  vessels.     A  standard  should  be  fixed  by  legislation. 

Prof.  G.  Lanza  :  No  relief  will  be  found  without  definite  inspection.  The 
speaker  was  not  in  favor  of  bridge  insurance. 

Mr.  L.  F.  Rice  :  Effective  action  can  be  taken  only  by  enforcing    a  heavy 
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penalty  on  railroad  corporatioDS.  As  long  as  the  question  of  amount  of  damages 
remains  low  it  will  be  simply  a  matter  of  insurance  with  railroads  in  this  matter 
of  accidents. 

Mr.  Manley  :  Officers  of  the  Boston  &  Providence  Railroad  feel  this  matter 
with  a  great  deal  of  keenness.  While  it  may  be  necessary  to  condemn  railroads, 
the  important  thing  is  the  dissemination  of  engineering  knowledge  among  rail- 
road corporations. 

On  motion  of  Prof.  W.  S.  Chaplin,  it  was  voted  that  a  committee,  consisting  of 
the  President,  Treasurer  and  Mr.  E.  S.  Philbrick,  be  appointed  to  appear  before  a 
committee  of  the  Legislature  to-morrow,  or  on  any  date  thereafter,  to  urge  the 
importance  of  some  action  looking  to  the  inspection  and  supervision  of  railway 
and  highway  bridges. 

On  motion  it  was  voted  :  That  the  name  of  Prof,  W.  S.  Chaplin  be  added  to  the 
committee  appointed  to  appear  before  the  Legislative  Committee  on  Railroads. 

Mr.  Charles  H.  Parker  gave  a  history  of  the  Bussey  Bridge. 
[Adjourned.'}  H.  L.  Eaton,  Secretary. 

•  May  18,  1887: — A  regular  meeting  of  the  Boston  Society  of  Civil  Engineers 
was  held  at  Room  27,  Boston  &  Albany  Railroad  Station,  Boston.  The  meeting 
was  called  to  order  at  7:45  p.  m.,  Vice-President  Stearns  in  the  chair;  43  Members 
and  9  visitors  present. 

The  record  of  the  last  regular  meeting  and  of  the  special  meeting  of  April  27 
was  read  and  approved. 

Messrs.  Lemuel  Pope  and  William  A,  Favor  were  elected  Mernbers  of  the 
Society. 

The  following  were  proposed  for  membership: 

Mr.  Nelson  Spofford,  of  Haverhill,  recommended  by  G.  E.  Evans  and  A.  W. 
Hunking. 

Mr.  George  H.  Earrus,  of  Reading,  recommended  by  Henry  Manley  and  E.  H. 
Gowing. 

The  Committee  appointed  to  nominate  a  Secretary  reported  the  name  of  Mr.  S. 
E.  Tinkbam,  and  upon  a  ballot  being  taken  he  was  declared  elected. 

On  motion  of  Mr.  FitzGerald  the  following  resolution  was  unanimously  adopted : 

Resolved^  That  the  members  of  the  Boston  Society  of  Civil  Engineers  gratefully 
appreciate  the  faithfulness  and  ability  with  which  Mr.  Horace  L.  Eaton  has  dis- 
charged the  duties  of  Secretary  of  this  Society,  and  they  tender  him  their  best 
wishes  for  his  prosperity. 

The  consideration  of  the  report  of  the  Committee  on  Weights  and  Measures,  pre- 
sented at  the  March  meeting,  was  taken  up,  and  on  motion  of  Mr,  Manley  it  was 
laid  on  the  table  until  after  the  literary  exercises, 

Mr.  FitzGerald  read  a  letter  from  the  General  Secretary  of  the  Council  of 
Engineering  Societies  on  National  Public  Works,  inviting  the  Members  of  this 
Society  to  be  present  at  the  coming  convention  of  aU  the  societies. 

Mr.  P.  H.  Dudley  was  then  introduced  to  the  Society,  and  read  a  paper  on 
"Woods,  their  Structure,  Decay  and  Preservation,"  which  was  very  fully  illus- 
trated by  lantern  views. 

At  the  conclusion  of  the  reading  of  the  paper,  a  general  discussion  took  place 
upon  the  various  methods  of  preservation  of  timber,  in  which  Messrs.  Man- 
ley,  FitzGerald,  Adams,  and  C.  F.  Allen  of  the  Society,  and  Mr.  E,  R.  Andrews 
and  Mr.  Dudley  participated. 

Business  being  resumed,  on  motion  cf  Mr.  Fred.  Brooks,  the  report  of  the  Com- 
mittee on  Weights  and  Measures  was  taken  from  the  table  and  accepted. 
On  motion  of  Prof.  Chaplin  it  was  voted  that  the  report  and  a  discussion 
of  the  same  by  Mr.  Brooks  be  printed  and  circulated  among  the  Members  of  the 
Society. 

Adjourned.^  S.  E,  Tinkham,  Secretary. 
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ENGINEERS'  CLUB  OF  ST.  LOUIS. 


May  4,  1887: — The  Club  met  at  Washington  University,  at  8:25  p,  m.,  President 
Potter  in  the  chair,  and  twelve  Members  present.  The  minutes  of  the  last  meet- 
ing were  read  and  approved.  The  doings  of  the  Executive  Bommittse  meeting  on 
the  4th  inst.  were  reported. 

Col.  E.  D.  Meier  read  a  paper  on  "  Evaporative  EflSciency  of  Boilers,"  pre- 
facing his  remarks  by  the  statement  that  he  had  been  unable  to  complete  his 
investigations,  and  asking  that  the  present  paper  be  considered  as  introductory  to 
a  more  complete  discussion  which  he  hoped  to  be  able  to  present  later.  Col.  Meier 
spoke  of  the  duty  expected  of  steam  generating  apparatus,  and  the  difficulties 
met  with  in  reducing  the  results  secured  in  tests  to  ■  a  common  standard  for  com- 
parison. Some  suggestions  were  made  looking  toward  a  suitable  standard  of 
comparison.  The  values  of  various  grades  of  fuels  were  touched  upon.  The  rela- 
tive merits  of  steel  and  iron  for  boiler  construction  were  discussed,  the  conclusion 
bping  that  it  depended  wholly  upon  proper  precautions  being  taken  to  make  sure 
that  a  suitable  grade  of  material  is  secured.  Prof.  Potter,  Prof.  Johnson,  Mr. 
F)ad,  Mr.  Seddou  and  Mr.  Wheeler  took  part  in  the  discussion. 

The  President  announced  the  Committee  on  Smoke  Prevention  as  now  consti- 
tuted to  be  :  W.  B.  Footer,  E.  D.  Meier,  H.  B.  Gale,  C.  F.  White,  W.  H.  Bryan 
and  C.  E.  Jones.  A  paper  by  H.  A.  Wheeler,  on  the  "  Relative  Economy  of  Ma- 
chine and  Hand  Drilling,"  was  announced  for  the  next  meeting. 

[Adjourned.}  Wm.  H.  Bryan,  Secretary. 

May  18,  1887  :  The  Club  met  at  8:15  p.  m.,  at  Washington  University,  Presi- 
dent Potter  in  the  chair,  twenty-one  Members  and  two  visitors  present.  The 
minutes  of  the  last  meeting  not  being  at  hand,  their  reading  was  postponed.  The- 
Executive  Committee  reported  its  meeting  of  May  18,  recommending  J.  N.  Jud- 
son  and  N.  W.  Eayrs  for  membership.     They  were  balloted  for  and  elected. 

Mr.  R.  E.  McMath,  Chairman  of  the  Committee  on  National  Public  Works, 
made  a  report  stating  that  no  recent  progress  had  been  made.  On  motion,  the 
report  was  received  and  the  Committee  discharged.  Mr.  McMath  was  directed  to 
remit  to  the  Treasurer  of  the  National  Committee  the  funds  in  hand  for  that 
specific  purpose,  and  to  express  to  the  oflBcers  of  that  body  the  sentiment  of  the 
Club  on  the  subject — which  is  not  favorable  to  further  agitation  of  the  matter  at 
present. 

Mr.  H.  A.  Wheeler  then  read  a  paper  on  "  The  Pwelative  Economy  of  Machine 
and  Hand  Drilling."  The  subject  was  carefully  reviewed,  ana  the  various  factors 
entering  into  the  problem  were  explained  and  discussed.  A  comparison  based 
upon  results  in  St.  Louis  limestone  quarries  showed  an  economy  of  20  per  cent,  in 
favor  of  the  machine.  A  comparison  of  work  at  the  Conglomerate  mine  showed, 
in  drifting,  5  per  cent,  in  favor  of  the  machine,  but  in  sinking,  handwork  showed 
a  superiority  of  20  per  cent.  The  comparisons  were  made  upon  the  relative  cost 
per  foot  of  hole  drilled,  and  did  not  include  the  factors  of  quantity  of  material 
removed,  speed  required  and  ventilation.  The  value  of  each  of  these  factors  could 
only  be  determined  by  an  investigation  into  the  special  requirements  of  each  case. 
They  should  always  receive  attention  as  they  have  an  important  bearing  on  the 
problem. 

The  discussion  was  participated  in  by  Messrs.  Holman,  Melcher,  Seddon,  Moore, 
Potter  and  Stockett. 

The  question  of  the  relative  cost  of  mining  coal  by  machine  and  by  hand  was 
also  brought  up.  It  was  stated  by  Mr.  Stockett  that  he  had  accumulated  data 
showing  15  to  20  per  cent,  economy  in  favor  of  the  machine.  The  principal 
advantage  of  machine  work  was  its  effect  on  the  labor  question. 

[Adjoumed.l  Wm.  H.  Bryan,  Secretary. 
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CIVIL  ENGINEERS'  CLUB  OF  CLEVELAND. 


January  35,  1887  : — Special  meeting  held.  In  the  absence  of  the  President 
from  the  city  Vice-President  Swasey  occupied  the  chair. 

Prof.  E.  W.  Morley  read  the  report  of  the  Committee  on  Standard  Time.  Re- 
port accepted. 

On  motion  of  Professor  Eisenman,  the  report  of  the  Committee,  that  a  com- 
mittee from  the  Civil  Engineers'  Club  be  appointed  to  confer  with  the  City  Coun- 
cil, was  adopted. 

Mr.  Ptawson  moved  that  a  committee  of  five  be  appointed  by  the  Chair  to  pro- 
sent  at  the  first  meeting  in  February  a  list  of  two  names  for  each  oflfice  of  the 
Club.     Motion  carried. 

Mr.  Geo.  W.  Goetz  read  a  report  on  Progress  in  Metallui'gy,  which  was  fol- 
lowed by  a  short  discussion. 

After  a  short  recess,  Prof.  Albert  A.  Michelson  read  a  report  on  Progress  in 
Physics,  and  Prof.  E.  W.  Morley  a  report  on  Progi^ess  in  Chemistry.  Both 
papers  were  briefly  discussed. 

The  Chair  announced  the  names  of  Chas.  Latimer,  J.  F.  Halloway,  Hosea  Paul^ 
W.  H.  Searles,  Prof.  E.  M.  Morley  and  J.  L.  Gobielle,  as  the  Committee  to  confer 
with  the  City  Council  on  Standard  Time. 

The  Chair  stated  that  the  Committee  to  Nominate  OflBcers  would  be  named  later,, 
and  would  be  notified  of  their  appointment  by  the  Secretary, 

^Adjourned.]  Clarence  M.  Barber,  Rec.  Secretary. 

February  8,  1887:— Regular  meeting  held,  President  Latimer  in  the  chair. 

In  the  absence  of  the  Secretary  Professor  Eisenman  was  appointed  Secretary 
pro  tern. 

President  Cady  Staley,  of  the  Case  School  of  Applied  Science,  was  elected  an 
active,  and  Prof.  Albert  A.  Michelson,  of  the  same  school,  an  honorary  Member 
of  the  Club. 

A  letter  was  read  from  Mr.  John  Bogart,  of  the  American  Society  of  Civil 
Engineers,  relative  to  the  formation  of  a  National  Engineering  Society. 

Prof.  N.  B.  Wood,  Chairman  of  the  Nominating  Committe,  presented  the  follow- 
ing nominations  for  Ofiicers  of  the  Club  for  the  ensuing  year:  For  President,  John 
Whitelaw  and  Ambrose  Swasey  ;  Vice-President,  W.  H.  Searlos  and  W.  R. 
Warner  ;  Recording  Secretary,  C.  M .  Barber  and  James  Ritchie  ;  Corresponding 
Secretary,  C.  O.  Arey  and  Alex.  E.  Brown  ;  Treasurer,  S.  J.  Baker  ;  Member  of 
the  Board  of  Managers  of  the  Association  of  Engineering  Societies,  M.  E.  Rawson 
and  M.  W.  Kingsley.  On  motion  the  report  was  adopted  and  the  Committee 
discharged. 

Prof.  J.  N.  Stockwell  read  a  paper  entitled.  The  Use  of  Pairs  of  Circum- 
polar  Stars  for  Findihg  Meridian  Lines,  and  Mr.  George  H.  Christian,  of 
Norwalk,  O.,  followed  with  a  paper  on  The  Pipeage  of  Natural  Gas  Long  Dis- 
tances. 

As  the  hour  was  late,  only  the  paper  of  Prof.  Stockwell  was  discussed. 

On  motion  of  Mr.  Wood,  the  Chair  appointed  the  following  gentlemen  a  com- 
mittee to  make  arrangements  for  the  annual  meetings  :  N.  B.  Wood,  J.  F.  Hollo- 
way,  J.  L.  Gobeille,  A.  Mordecai,  W.  R.  Warner,  John  Eisenman,  E.  H.  Jones, 
John  Whitelaw  and  S.  J.  Baker,  and  by  suggestion  the  President  was  added  to  the 
Committee. 

lAdjourned.]  Jno.  Eisenman,  Rec.  Secy.,  pro  tern. 

February  33,  1887  :— Special  meeting  held  at  the  City  Civil  Engineer's  otG.ce. 
As  both  President  and  Vice-President  were    absent,  Mr.  J.  H.  Sargent  was 
elected  President  joro  tern. 
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Mr.  N.  B.  Wood,  Chairman  of  the  Committee  on  Annual  Meeting,  presented 
the  report  of  the  Committee  ;  report  was  received,  but  not  adopted.  Motion  by 
Mr.  Culley  to  dispense  with  the  annual  banquet.     Motion  lost. 

After  much  discussion,  motions  were  carried  to  have  the  annual  meeting  at  the 
club  rooms  on  the  second  Tuesday  evening  in  March,  and  the  annual  banquet  at 
the  Kennard  House  one  week  later,  the  price  of  tickets  to  be  81.50  each.  That  the 
President  be  authorized  to  add  to  the  Committee  such  names  as  he  thought  best, 
and  that  Mr.  Gobeille  be  appointed  a  Committee  on  Menu  Cards. 

On  motion  of  Mr.  Culley,  the  Committee  on  Library  and  Publication  was 
requested  to  confer  with  the  Case  Library  authorities  in  regard  to  procuring  the 
successor  to  Van  Nostrand^s  Magazine. 

The  order  of  the  evening  being  the  report  of  the  Committee  on  Civil  Engineer- 
ing and  Surveying,  Mr.  W.  H .  Searles  read  a  paper  on  the  Chapin  Wrought- 
Iron,  and  on  the  Foundations  of  the  Central  Viaduct  of  Cleveland,  O.,  and  Messrs. 
Culley  and  Varney  each  read  papers  on  Steel  Tapes. 

The  thanks  of  the  Club  were  tendered  to  the  City  Civil  Engineer  for  the  use  of 
his  room. 

lAdjoumed.^  A.  H.  Porter,  Rec.  Sec,  pro  tern. 


March  8,  1887: — Annual  meeting  held,  President  Latimer  in  the  chair. 

The  reports  of  Recording  Secretary,  Treasurer,  Corresponding  Secretary,  and 
Chairman  of  the  Committee  on  Publications  and  Library  were  read  and  ordered 
filed,  as  were  also  the  following  reports  :  By  Mr.  W.  H.  Searles,  Chairman  of  the 
Committee  on  Civil  Engineering  and  Surveying  ;  by  Mr.  Warner,  for  Professor 
Morley,  Chairman  of  the  Committee  on  Subjects  pertaining  to  Scientific  Pursuits  ; 
by  Professor  Eisenman,  Chairman  of  the  Committee  on  Architectui-e  ;  by  Mr. 
Mordecai,  Chairman  of  the  Committee  or  Railroad  Engineering  ;  by  Professor 
Eisenman,  Chairman  of  the  Committee  on  National  Public  Works  ;  by  Hosea 
Paul,  for  the  Committee  on  Standard  Time;  by  Mr.  Gobeille,  Chairman  of  the 
Committee  on  Mechanical  Engineering,  and  by  Mr.  Rawson,  member  of  the 
Board  of  Managers  of  the  Association  of  Engineering  Societies. 

On  motion  the  Chair  appointed  Messrs,  Mordecai,  Thompson  and  Eisenman  a 
committee  to  count  the  letter  ballots  received  for  the  election  of  oflScers  of  the 
Club  for  the  ensuing  year. 

Mr.  Geo.  S.  Rider  and  Mr.  C.  F.  Schweinfurth  were  elected  active  Members  of 
the  Club,  and  Mr.  Gustavus  Lindenthal  was  transferred  from  the  list  of  active  to 
corresponding  Members. 

The  resignations  of  Messrs.  E.  C.  Pechin  and  James  Withycombe  were  received 
and  accepted. 

The  Committee  appointed  to  count  the  ballots  reported  the  following  persons  as 
having  been  elected  :  John  Whitelaw,  President  ;  W.  R.  Warner,  Vice-President  ; 
C.  O.  Arey,  Corresponding  Secretary  ;  C.  M.  Barber,  Recording  Secretary  ;  M, 
E.  Rawson,  Member  of  the  Board  of  Managers  of  the  Association  of  Engineering 
Societies,  and  S.  J.  Baker,  Treasurer. 

\_Adjourned.'\  C.  M.  Barber,  Rec.  Secy. 


March  15,  1887  : — The  members  and  invited  guests  assembled  at  the  Kennard 
House,  and  participated  in  the  seventh  annual  banquet  of  the  Club.  Mr.  Chas. 
Latimer,  the  retiring  President,  presided,  and  the  following  gentlemen  responded 
to  toasts  :  Messrs.  Whitelaw,  Chaflin,  Wood,  Leland,  Searles,  Gobielle,  Sargent, 
Eisenman,  Paul,  Holloway,  Warner,  Varney,  Walker,  Dr.  Biggar  and  Wm.  M. 
Day. 

The  evening  was  one  that  will  long  live  as  a  green  spot  in  the  memories  of  the 
Club.  CM.  Barber,  Rec.  Sec. 
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March  22,  1887 :— Special  meeting  held,  President  John  Whitelaw  in  the  chair. 

Mr.  J.  H.  Sargent  read  a  paper  on  Street  Pavements,  Past,  Present,  and 
Future. 

Id  the  discussion  which  followed,  Mr.  J.  F.  Hollo  way  read  a  number  of  letters, 
which  were  replies  to  inquiries  in  regard  to  pa^vements  in  other  localities. 

lAdjo^irned.'i  C.  M.  Barber,  Rec.  Secy. 

April  12,  1887  : — Regular  meeting  held.  President  John  Whitelaw  in  the 
chair.  The  mmutes  of  the  last  two  meetings  were  read,  and  on  motion  of  Mr. 
Gobeille,  the  minutes  of  March  8,  1887,  were  ordered  corrected  by  striking 
out  all  pertaining  to  the  number  of  votes  cast  in  the  election  of  officers.  The 
minutes  were  then  approved.  The  application  of  Mr.  George  E.  Hartnell  for 
membership  was  received  and  referred  to  the  Committee  on  Membership. 

The  Secretary  read  the  list  of  standing  committees  for  the  ensuing  year  as  pre- 
pared by  the  President. 

Publication  and  Library  :  James  Ritchie,  M.  W.  Kingsley  and  M.  E.  Rawson 

Membership  :  G.  A.  Hyde,  Ambrose  Swasey  and  John  Eisenman . 

Civil  Engineering  and  Surveying :  Charles  Latimer,  W.  P.  Rice,  J.  D.  Varney, 
W.  T.  Blunt  and  Cady  Staley. 

Railroad  Engineermg :  W.  H.  Searles,  A.  Mordecai,  Wm.  M.  Wood,  H.  F.  Dun- 
ham and  H.  C.  Thompson. 

Mechanical  Engineering  :  John  Walker,  J.  L.  Gobeille,  N.  S.  Possons,  J.  F. 
Holloway  and  Walter  Miller. 

Arcbitectm-e  :  J.  N.  Richardson,  J.  M.  Blackburn,  C.  O.  Arey,  F.  A.  Coburn 
and  C.  F,  Schweinfurth. 

Subjects  Pertaining  to  Scientific  Pursuits  :  N.  B.  Wood,  Geo.  W.  Geotz,  Geo. 
Bartol,  E.  W.  Morley  and  N.  M.  Anderson. 

In  the  absence  of  the  Chairman  of  the  Committee  on  Banquet,  the  Secretary 
read  the  report  of  the  Committee,  which  showed  a  deficit  of  eleven  dollars,  which 
on  motion,  the  Treasurer  was  instructed  to  pay  from  the  funds  of  the  Club. 

The  remainder  of  the  evenmg  was  spent  in  the  discussion  of  street  pavements. 

On  motion  of  Mr.  Eisenman,  the  next  semi-monthly  meeting  was  dispensed  with. 

[Adjourned.']  C  M.  Barber,  Rec.  Secy. 


WESTERN  SOCIETY  OF    ENGINEERS, 


May  3,  1887  :— The  236th  meeting  was  held  at  7:30  p.  M.,  President  Arting- 
stall  in  the  chair. 

The  mmutes  of  the  preceding  meeting  were  read  and  approved. 

Upon  ballot  Messrs.  Robert  Gillham,  civil  enginesr,  Kansas  City,  Mo.,  and 
Frank  Churchill  Horn,  Principal  Assistant  Engineer,  Town  of  Lake,  Cook 
County,  111,,  were  elected  Members. 

Mr.  Strobel,  for  Committee  on  Rooms,  reported  that  it  was  considered  most  de- 
sirable that  the  present  quarters  be  retained  for  the  ensuing  year. 

The  report  was  accepted  and  the  Committee  discharged. 

It  was  voted  that  the  Secretary  be  authorized  to  dispose  of  the  carpet  which  has 
been  stored  since  the  Society  moved  to  its  present  rooms. 

A  paper,  by  Mr.  Samuel  McElroy,  on  Hydraulic  Motion,  was  read  by  title,  and 
referred  to  Committee  on  Construction . 

It  was  voted  that  the  portrait  of  President  Artingstall  be  added  to  the  portrait 
gallery  of  the  Society. 

Mr.  Parkhurst  gave  a  verbal  description  of  the  bridge  now  being  built  at  Omaha 
to  replace  the  original  structure  constructed  by  the  Union  Pacific  Railway  Com- 
pany in  1869. 

I  Adjourned.]  L.  P.  Morehouse,  Secretary. 
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ENGINEERS'  CLUB  OF  KANSAS  CITY. 


May  2,  1887  : — Regular  meeting  held  in  the  Club  Room,  19  Deardorff  BuUding^ 
President  Knight  in  the  chair. 

The  following  Members  were  present  :  Wm.  B.  Knight,  Clift  Wise,  H.  J. 
Mason,  A.  E.  Swain,  S.  A.  Mitchell,  E.  B.  Kay,  J.  A.  L.  Waddell,  W.  H.  Breit- 
haupt,  A.  R.  Elliot,  K.  Allen,  O.  Sonne,  R.  C.  Simons,  C.  E.  Taylor. 

The  minutes  of  the  last  regular  meeting,  and  of  the  last  meeting  of  the  Executive 
Committee  were  read  and  approved. 

The  following  Members  were  declared  elected  : 

Thos.  A.  Wynne,  Mechanical  Superintendent  Metropolitan  Street  Ry.  Co. 

Wm.  Norris,  Chief  Engineer,  Chicago,  Kansas  City  &  Texas  R.  R. 

Emerson  W.  Grant,  Resident  Engineer,  Chicago,  Santa  F6  &   California  R.  R. 

M.  K.  Bowen,  Assistant  Engineer,  Kansas  City  Cable  Ry. 

R.  C.  Pearsons,  Resident  Engineer,  Kansas  City  Water-Works. 

John  F.  Wallace,  Resident  Engineer,  Sibley  Bridge. 

Wm.  D.  Jenkins,  Engineer  in  charge,  Randolph  Bridge. 

Amendments  to  By-Laws  were  passed,  increasing  initiation  fees  by  50  cents  and 
annual  dues  by  three  dollars  per  Member. 

The  following  names  were  proposed  : 

For  Member:  G.  P.  N.  Sadler. 

For  Associate  Members:  C.  G.  Wade  and  C.  A.  Burton. 

The  paper  of  the  evening  was  then  read — "  Work  with  Submarine  Armor" — by 
G.  W.  Pearsons.  This  narrative  of  the  writer's  personal  experience  was  illustrated 
by  drawings  and  photographs. 

Mr.  Wm.  H.  Breithaupt  presented  a  fine  lithograph  of  the  new  bridge  over  the 
St.  Lawrence  at  Lachine,  containing  the  largest  continuous  girder  in  the 
country. 

[Adjourned.'}  Kenneth  Allen,  Secretary 


Editors  reprinting  articles  from  this  jour  naC  are 
requested  to  credit  both  the  Journal  and  the 
Society  before  which  such  articles  were  read. 
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THE  PRESERVATION  OF  RAILWAY  TIES  AND  TIMBER  BY  THE 

USE  OF  ANTISEPTICS. 


By  Joseph  P.  Card,  Member  of  the  Western  Society  of  Engineers. 

[Read  April  5,  1887.] 

The  antiseptics  that  have  been  used  up  to  the  present  time  to  any  con- 
siderable extent  in  the  preservation  of  railway  ties  and  timber  are  : 
Corrosive  sublimate,  kyanizing  ;  sulphate  of  copper,  Boucherie  ;  chloride 
of  zinc,  Burnettizing  ;    and  dead  oil,  creosoting. 

Many  others,  however,  have  been  tried  in  the  past  50  or  more  years, 
and  abandoned  for  one  cause  and  another,  which  I  will  not  attempt  to 
explain,  but  will  confine  my  remarks  to  those  now  in  use. 

Corrosive  sublimate  is  the  most  powerful  poison  of  them  all,  and  its 
antiseptic  properties  are  some  fifty  or  more  times  greater  than  sulphate 
of  copper,  or  chloride  of  z^nc  ;  that  is.  a  solution  of  one  part  corrosive 
sublimate  in  10,000  parts  of  water  would,  according  to  the  best  authori- 
ties, be  more  than  an  equivalent  to  sulphate  of  copper  diluted  one  part 
in  400,  or  chloride  of  zinc  one  part  in  200  of  water,  which  is  about  the 
minimum  at  which  they  wiil  preserve. 

In  treating  timber  with  corrosive  sublimate,  it  is  generally  placed  in 
large  wooden  vats  for  one  day  for  each  inch  in  thickness,  not  counting 
the  day  it  is  put  in  or  taken  out,  or  say,  ten  days  for  an  8''  X  8''  square 
stick. 

The  handling  of  the  timber  after  treatment  has  to  be  done  with  care» 
or  serious  consequences  may  follow.  The  solution  used  has  generally 
been  one  part  in  100  of  water. 

The  treatment  with  sulphate  of  copper  has  generally  been  done  by  the 
Boucherie  process,  or  in  copper  cylinders,  on  account  of  its  corrosive 
properties,  while  the  treatment  with  chloride  of  zinc  is  done  m  iron 
cylinders,  which  cost,  say,  ten  times  hss  than  copper.  All  three  of  these 
salts  being  more  or  less  liable  to  be  chemically  changed  or  washed  out 
of  the  wood,  and  as  the  chloride  of  zinc  has.  under  most  condi:ions, 
when  injected  in  proper  quantities,  answered  equally  as  well,  and  being 
cheaper  and  more  economically  handled,  has  come  more  generally  into 
use  than  either  of  the  others.  In  fact,  comparatively  speaking,  corrosive 
sublimate  and  sulphate  of  copper  have  practically  gone  out  of  use. 

Chloride  of  zinc  has  served  a  good  purpose  in  the  preservation  of  rail- 
way ties  in  Germany,  while  in  England  the  treatment  has  not  been  satis- 
factory; in  fact,  has  been  abandoned.     Now,  why  this  great  difference  in 
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results?  The  roadbeds  are,  as  I  understand  it,  alike  (rock  ballasted),  con- 
sequently the  drainage  is  the  same.  It  must  be  on  account  of  the  im- 
purities absorbed  into  the  ties  from  England's  moist  climate,  which 
changes  gradually  the  chloride  into  a  ron-antiseptic,  for  rainfall,  as  a 
rule,  will  not,  so  far  as  my  observations  go,  wash  it  out.  It  takes  more 
than  rain  ;  in  fact,  it  means  submerging  ic  in  water  ;  and  this  would  hardly 
occur  on  a  rock  ballasted  roadbed.  If  a  tie  was  reasonably  dry  and  in 
rock  ballast,  and  it  should  rain,  it  would  absorb  moisture  slowly  as  it 
rained  ;  the  flow  would  be  inward,  taking  more  or  less  of  the  salt 
with  it,  for  any  of  the  soluble  salts  mentioned  will,  to  a  certain  extent, 
move  around  through  the  wood  in  whatever  direction  the  moisture 
goes.  When  it  rains,  it  goes  inward  or  towards  the  centre ;  when 
the  moisture  evaporates,  to  the  point  of  evaporation.  I  have  had  this 
tested  by  analysis  to  my  entire  satisfaction. 

If  ties  were  submerged,  or  partially  so,  in  water  for  any  considerable 
time,  the  chloride,  being  of  greater  specific  gravity  than  water,  the  ten- 
dency would  be  to  go  out  of  the  ties  rather  than  inward,  or  to  equalize 
with  the  water  surrounding  them.  Again,  if  the  ties  were  in  sand  (like 
the  Rock  Island  ties,  which  I  will  mention  later  on)  the  result  would  be, 
when  your  sand  was  moist  or  wet  they  would  absorb  moisture  where 
they  come  in  contact  with  it,  and  as  it  gradually  moved  to  the  point  of 
evaporation,  which  would  be  the  top  or  exposed  portion  of  the  ties,  it 
would  carry  with  it  more  or  less  of  the  chloride.  This  constant,  or  at 
certain  seasons  of  the  year  long-continued  evaporation,  weakens,  in  my 
opinion,  the  strength  of  the  chloride  at  point  of  contact  with  the  ground 
or  moisture  below  the  minimum  of  its  preserving  properties,  and  in  the 
case  of  the  Rock  Island  ties,  which  were  in  clean  sand,  they  gradually 
decayed  where  they  came  in  contact  with  the  ground,  but  remained  sound 
on  top  as  a  general  thing. 

Again,  should  there  be  impurities  in  the  ground  or  water  surrounding 
the  ties,  or  in  rainfall,  that  would  combine  with  the  chloride  or  any  salt 
and  transform  it  into  a  non-antiseptic,  as  oxide  of  zinc,  the  change 
would  be  more  or  less  rapid,  and  it  is  in  this  way  that  I  account  for  the 
bad  results  with  chloride  of  zinc  in  England,  and  from  rainfall,  if  ties 
are  on  rock  ballast. 

I  know  of  Burnettized  gum  wood  ties  that  were  placed  in  cinder  and 
slack  coal  ballast  in  1880  (the  cinders  and  slack  came  from  a  coal  mine 
dump  that  had  been  burned  over),  that  were  worthless  in  twelve  months 
after  being  placed  in  the  track,  while  ties  treated  at  same  time  that  were 
placed  in  sand,  are  sound  to-day,  or  were,  when  I  examined  them  last 
year. 

I  don't  mean  to  say  that  all  cinders  and  slack  will  produce  this  result, 
but  these  did  ;  neither  do  I  wish  to  convey  the  idea  that  the  changes  men- 
tioned heretofore  occur  in  a  day.  Some  of  them  may  in  a  month,  or  as 
in  the  case  of  the  Rock  Island  ties,  their  average  life  was  over  fifteen 
years. 

There  is  a  section,  or  some  twenty  miles,  of  the  Union  Pacific  Railroad 
where  the  ties  have  been  preserved  since  the  road  was  first  built,  by  the 
soil  in  which  they  lie. 

With  reference  to  creosoting,  or  the  use  of  dead  oil  in  wood  preserving 
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If  you  inject  a  sufficient  quantity  of  oil  (of  proper  quality  after  steam- 
ing and  vacuum)  into  ties,  or  timber,  they  will  remain  sound  so  long  as 
the  oil  remains  undisturbed,  if  it  enters  the  wood  but  one  half-inch,  or 
even  less,  on  the  sides  of  say,  a  10'^  X  10''  stick*  of  timber,  notwith- 
standing the  oil  remains  practically  where  it  is  placed  at  time  of  treat- 
ment, and  does  not  diffuse  through  the  wood,  like  chloride  of  zinc,  and 
for  the  following  reasons  : 

Dead  oil  contains  carbolic  and  other  acids,  which  are  more  or  less  solu- 
ble in  water,  and  enough  of  these  acids  combine  with  the  moisture  in 
the  wood  at  time  of  treatment  to  destroy  the  fermentable  or  other  mat- 
ter then  in  the  wood,  that  tends  to  decay,  and  any  impurities  or  germs 
of  decay  thereafter  coming  from  the  outside  will  have  to  pass  through 
the  dead  oil,  and  in  doing  so,  are  destroyed  or  rendered  inert. 

The  trouble  with  creosoting  is  to  get  the  dead  oil  where  you  want  it 
(it  will  stay  where  you  put  it)  and  the  cost.  The  trouble  with  a  mineral 
salt,  or  chloride  of  zinc,  is  to  keep  it  where  you  put  it,  or  where  it  places 
itself  shortly  after  treatment,  if  the  work  on  your  part  is  properly 
done. 

Having  given  you  my  experience,  as  well  as  ideas  as  to  the  benefits  to 
be  expected  from  the  proper  use  of  mineral  salts  and  dead  oil  when 
used  by  themselves,  I  will  now  submit  for  your  consideration  and  dis- 
cussion before  this  Society,  the  process  known  as  the  "  zinc  creosote  " 
process,  which  consists  in  the  use  of  both  dead  oil  and  chloride  of  zinc 
in  combination,  for  the  preservation  of  railway  ties  and  timber  from 
decay,  as  well  as  protection  against  the  attacks  of  the  teredo  where 
timber  is  placed  in  the  sea. 

For  railway  ties,  bridge  timber,  and  the  like,  or  where  timber  is  sub- 
jected to  no  considerable  moisture,  as  when  placed  on  or  in  the  ground, 
the  process  is  as  follows  : 

After  preparing  the  timber  in  the  usual  way  by  steaming  and  vacuum, 
the  dead  oil  is  run  into  the  cylinder,  and  such  quantity  as  may  be 
desired  is  forced  into  the  wood. 

For  railway  ties  or  timber  I  would  recommend,  say  one-half  gallon  to 
the  cubic  foot,  or  1^  gallons  to  the  tie.  A  less  amount  may  be  found  to 
answ^er.  After  the  timber  has  been  treated  with  oil,  the  oil  is  removed 
and  cylinder  charged  with  chloride  of  zinc,  when  by  pressure  it  can  be 
made  to  enter  the  wood,  pass  through  and  beyond  the  oil,  and  impregnate 
by  diffusion  that  portion  of  the  wood  that  the  oil  will  not  penetrate, 
especially  where  timber  is  not  well  seasoned  or  dense  like  oak.  The  aim 
of  this  process  is  to  get  the  benefit  of  the  dead  oil  treatment  where  ties 
or  timber  come  in  contact  with  the  ground  or  moisture,  with  one-half  or 
less  oil,  besides  having  those  portions  of  the  wood  not  penetrated  by  the 
oil  impregnated  with  the  zinc  chloride.  The  zinc  chloride,  surrounded 
as  it  is  by  oil,  should  be  protected  for  a  long  time  in  railw^ay  ties  or 
bridge  timber  against  moisture.  I  find  that  less  than  one-half  the 
quantity  of  oil  used  in  ordinary  creosoting  can  be  distributed  by  this 
process  through  every  portion  of  the  wood  penetrated  by  the  greater 
quantity  injected  in  the  usual  way. 

Creosoting,  as  practiced  abroad,  unless  a  much  larger  quantity  of  oil  is 
used  on  railway  ties  than  is  used  in  England  (6  to  10  pounds  to  the  cubic 
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foot),  is  of  little  value  in  my  opinion,  unless  a  chair  is  used  under  the  rail 
to  take  the  wear,  for  the  following  reasons  : 

Wliere  dense  woods  are  used,  in  fact  it  is  the  case  with  many  of  those 
considered  porous,  the 'heart  wood  will  take  the  oil  but  skin  deep,  conse- 
quently the  oil  is  ia  tiuie  worn  off  by  the  rail,  decay  commences  and  at 
the  worst  possible  place,  the  spike  becomes  loose  and  the  tie  valueless. 

This  is  probably  the  reason  there  were  so  few  American  creosoted  ties 
•exhibited  at  the  Exhibition  of  Railway  Appliances  in  1883,  and  the  few 
there  were  had  been  treated  to  at  least  two  gallons  of  oil  to  the  cubic  foot. 
If  I  am  not  correct  I  w^ould  ask  what  has  become  of  the  thousands  that 
have  been  treated  in  the  past  thirty  years  in  this  country,  where  we  use 
no  chair  ? 

I  have  here  one  of  a  lot  of  ties  treated  by  a  Mr.  Pelton  some  years 
jsince  for  the  Chicago,  Rock  Island  &  Pacific  Railway  Company,  and 
placed  in  their  tracks  near  Engle  wood.  It  was  taken  up  in  May,  1883, 
for  exhibit  at  Chicago  Exposition  of  that  year.  These  ties  were  treated 
by  what  is  known  as  the  Seely  process,  in  1872,  and  notwithstanding 
they  contained  but  little  oil  (less  than  four  pounds  to  the  ciubic  foot), 
were  sound  so  far  as  examined  by  me  where  they  came  in  contact  with 
the  ground,  but  commenced  to  decay  (so  I  was  told)  under  the  rail  as  soon 
as  the  oil  wore  off,  and  not  before. 

If  a  sufficient  quantity  of  oil  is  used  to  impregnate  the  ties  to  a  con- 
siderable depth  at  point  of  contact  with  the  rail  (which  means  for  oil, 
say  fifty  cents  or  six  gallons  to  the  tie,  and  this  applies  only  to  soft  woods 
and  not  to  oak),  a  good  result  would  be  obtained ;  otherwise,  a  chair 
must  be  used. 

If  you  will  show  me  one  tie  that  has  served  a  good  purpose,  I  will  con- 
vince you  it  was  treated  to  at  least  six  gallons  of  oil,  or  a  chair  had  been 
used.  Not  but  what  a  much  less  quantity  would  preserve  it  from  decay 
if  placed  in  the  ground  as  a  post  and  undisturbed,  but  should  you  remove 
the  oil  at  the  giound  line,  it  matters  not  to  what  extent,  so  the  untreated 
timber  is  exposed,  ycu  will  find  your  creosoting  of  little  value,  and  this 
is  the  experience  of  all. 

Mr.  J.  W.  Putnam,  of  New  Orleans,  in  a  letter  of  June  20,  1885,  to  the 
Chairman  of  the  Committee  on  Preservation  of  Timber  of  the  American 
Society  of  Civil  Engineers  (I  presume  many  of  you  know  him),  says  : 
*'  With  reference  to  creosoting,  wherever  the  coating  is  broken  and  the 
air  w  ith  its  dust  allowed  to  come  in  contact  with  the  untreated  wood, 
decay  follows  and  extends  in  each  direction  from  the  opaning,"  and  he 
is  but  one  o£  the  many  who  make  this  or  similar  statements. 

The  Burnettized  ties  on  the  Chicago,  Rock  Island  &  Pacific  Riilway, 
near  Engle  wood,  and  so  far  as  I  have  examined  those  from  other  roads 
(where  work  was  well  done)  were  sound  under  the  rail,  but  decayed 
where  they  came  in  contact  with  the  ground. 

Mr.  Alexander,  in  his  report  of  March  23d,  1882,  to  Mr.  Hugh  Riddle, 
then  president  of  the  Rock  Island  road,  says  :  "  I  made  a  carefiil  ex- 
amination of  the  Barnettizei  hemlock  ties  we  laid  ia  main  track  jast 
west  of  Englewood  in  November,  1883,  last  summsr,  and  found  at  least 
aeventy-five  per  cent,  of  them  still  in  the  track,  and,  in  my  opinion,  in 
such  a  state  of  preservation  that  they  will  be  serviceable  for  two  or  three 
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years  longer.  Some  five  or  six  of  these  ties  were  taken  out  of  track  and 
found  to  be  sound  and  solid  in  the  centre  and  only  decayed  to  the  depth 
of  one-half  to  three-quarters  of  an  inch  on  the  surface  and  sides.  The 
rail  has  not  worn  into  these  liemlock  ties  to  any  greater  extent  than 
would  have  occurred  with  oak,  and  they  hold  a  spike  fully  as  well  as  the 
oak  tie.  The  pine  and  cedar  ties  that  were  Burnettized  at  the  same  time 
have  worn  out  in  the  fifteen  years'  service,  and  have  disappeared.  The 
tamarack  Jiave  held  out  about  the  same  as  the  hemlock."  Continuing 
he  says  :  *'  My  experience  is  that  untreated  hemlock  ties  decay  first  in 
the  centre  or  heart,  wlien  the  spike  becomes  loose  and  the  tie  crumbles; 
but  these  treated  ties  are  sound  in  tbe  centre,  which  shows  that  where  the 
chloride  of  zinc  is  not  washed  out,  ihe  wood  is  in  a  perfect  state  of 
preservation." 

I  saw^  these  ties  a  short  time  after  they  were  taken  up,  and  examined 
those  remaining  in  the  track  in  June,  1883  (they  had  then  been  down  over 
seventeen  years),  and  found  them  to  be  sound  under  the  rail  with  hardly 
an  exception.  I  also  had  the  sound  wood  from  several  of  these  ties 
analyzed,  and  found  them  to  contain  from  .Oo  to  .14  of  one  per  cent,  of 
chloride  of  zinc  to  weight  of  the  wood  when  dry. 

Again,  in  the  same  report  (March  23.  1882),  Mr.  Alexander  says  :  "  In 
1872  we  laid  in  second  track  east  of  Washington  Heights  about  5,000 
hemlock  ties  that  weie  subjected  to  the  creosoting  process.  These  ties  I 
do  not  believe  were  thoroughly  treated.  They  seemed  to  be  tolerably 
sound  at  the  bottom,  but  are  badly  decayed  on  the  surface,  and  the  rail 
wears  into  them  to  a  much  greater  extent  than  it  does  into  those  that 
were  treated  with  chloride  of  zinc.  There  is  probably  not  more  than 
from  30  to  50  per  cent,  of  these  creosoted  ties  now  in  track,  and  these 
will,  no  doubt,  all  be  taken  out  this  summer." 

I  examined  these  ties,  or  what  there  was  left  of  them,  in  June,  1883, 
finding  few  then  in  the  track,  but  was  fortunate,  however,  in  finding 
several  hundred  that  had  just  been  taken  up  and  piled  along  the  track. 
Nearly  all  of  them  shovied  results  of  which  the  creosoted  tie  exhibited 
here,  which  was  one  of  them,  is  a  fair  sample. 

If  I  am  correct,  what  can  be  expected  of  creosoted  ties  with  but  6  to 
10  pounds  of  oil  to  the  cubic  foot  if  used  as  they  are  in  this  country  in 
direct  contact  with  the  rail,  and  what  must  vve  do  to  get  best  results  in 
the  preservation  of  our  ties.  Use  a  chair  as  in  England,  or  open  porous 
woods  and  inject  50  to  75  cents  worth  of  oil  into  each  tie,  or  will  a 
double  treatment  first  with  dead  oil  and  then  with  chloride  of  zinc 
anssver  the  purpose  ;  the  dead  oil  to  preserve  the  outer  or  exposed  parts 
which  it  will  do,  and  the  zinc  chloride  the  central  portions,  which  the 
oil  does  not  penetrate  to  any  considerable  extent  in  our  most  desirable 
woods.  So  far  as  my  observations  and  experiments  go,  I  am  satisfied 
that  time  will  demonstrate  that  dead  oil  and  chloride  of  zinc  injected  into 
ties  and  timber  as  proposed,  will  give  the  best  results  for  money  invested, 
and  where  dense  woods  are  used,  especially  for  ties,  the  best  result, 
without  re^rd  to  cost. 

You  may  say  that  the  old  way  of  creosoting  closed  the  pores,  thereby 
keeping  out  moisture.  Dead  oil  will  not  keep  moisture  in  or  out  of 
wood  like  paint,  tar  or  pitch  for  any  considerable  time.     Moisture  will 
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not  enter  a  creosoted  tie  above  the  surface  of  the  water  surrounding  it,  or 
without  pressure ;  neither  will  it  enter  except  under  same  conditions 
where  the  fibre  is  oiled.  This  being  the  ease,  your  ties,  under  most  con- 
<3itions,  will  remain  dry  and  the  zinc  chloride  should  be  protected. 

Again,  you  seldom  see  decay  in  wood  the  fibre  of  which  has  once  been 
covered  with  dead  oil,  to  such  an  extent  as  to  be  seen  by  the  eye.  The 
zinc  creosote  process  will,  as  I  said  before,  distribute  one-half  or  less  oil 
in  every  part  penetrated  by  the  greater  quantity  when  inj'^cted  in  the 
old  way,  and  in  such  quantities  as  can  be  readily  seen. 

You  may  say,  would  it  not  be  better  to  first  inject  the  chloride  and 
then  the  dead  oil?  If  the  treatment  were  reversed,  you  would  have  to 
remove  a  portion  of  the  moisture  before  the  oil  could  be  injected.  Wood, 
being  one  of  our  best  non-conductors  of  heat,  the  process  would  be- 
tedious,  and  timber  or  ties  would  be  more  or  less  injured  by  the  long  con- 
tinued application  of  the  heat  required  to  evaporate  sufficient  moisture. 
In  fact,  ihe  only  cheap  and  practical  way  would  be  to  air,  dry,  or  stack 
the  timber  until  sufficient  moisture  has  evaporated,  and  then  apply  the 
oil.  I  do  not  believe  there  would  be  anything  gained  by  so  doing,  and  it 
would  add  greatly  to  the  cost. 

With  reference  to  the  treatment  of  piling  with  dead  oil  as  protection 
against  the  teredo.  The  old  way  is  to  inject  all  the  oil  the  timber  will 
take  (which  depends  on  the  piles  being  more  or  less  dry  and  the  kind  of 
wood  operated  on)  from  one  to  three  gallons  to  the  cubic  foot.  The  object 
of  the  zinc  creosote  process  is  to  economize  in  the  quantity  of  oil  used 
and  nothing  more,  and  consists  in  first  injecting,  say  two-thirds  (one-half 
may  be  found  to  answer)  of  the  quantity  used  in  the  old  way,  and  then 
by  substituting  some  other  fluid  for  the  oil,  as  chloride  of  zinc,  air  or 
water  by  pressure,  compress  or  force  the  two-thirds  previously  injected 
solidly  to  the  centre,  which  leaves  the  two  ends,  the  one  in  the  mud  or 
ground,  the  other  above  water,  with  their  fibres  virtually  painted  with 
the  dead  oil,  w^hile  the  centre  of  the  pile  or  that  portion  in  the  water  is 
as  well  treated  and  contains  as  much  oil  as  would  be  the  case  if  the 
whole  quantity  used  had  been  oil.  I  would  prefer  an  antiseptic  for  the 
second  injection,  as  it  would  help  to  preserve  that  portion  above  water 
from  decay. 

Thanking  you,  gentlemen,  for  your  kind  attention,  I  would,  in  con- 
cluding, say  that  we  have  at  our  works.  Fifteenth  and  Clark  streets,  a 
small  experimental 'cylinder  which  is  at  the  service  of  this  Society,  or 
any  of  its  members,  should  they  desire  at  any  time  to  make  experiments 
in  this  line. 


ON   THE   USE    OF   PAIRS    OF  CIRCUMPOLAR  STARS  FOR  FIND- 
ING THE  TRUE  MERIDIAN. 


By  Prof.  John  N.  Stockwell,  Member  of  the  Civil  Engineers^  Club  of 

Cleveland. 
[Read  February  8,  1887.] 

One  of  the  most  convenient  methods  of  finding  the  true  meridian, 
^vhen  the  latitude  of  the  place  is  known,  consists  in  observing  the  direc- 
tion of  the  vertical  which  a  pair  of  circumpolar  stars  simultaneously 
transit.     The  consideration  of  the  spherical  triangle  of  which  the  celes- 
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tial  pole  and  the  places  of  the  two  stars  are  the  three  vertices,  enables  us 
to  deduce  two  methods  of  finding  the  direction  of  the  meridian.  If  we 
conceive  the  arc  of  the  great  circle  which  joins  the  two  stars  to  be  con- 
tinued indefinitely  in  opposite  directions,  it  is  evident  that  such  great 
circle  will  sweep  over  all  points  of  the  earth's  surface  which  are  more 
distant  from  the  pole  than  such  great  circle.  Consequently  the  great 
circle  connecting  the  two  stars  becomes  a  vertical  circle  twice  a  day  to 
all  places  on  the  surface  of  the  earth  whose  polar  distance  is  greater  than 
the  polar  distance  of  the  circle  passing  through  the  stars.  The  angle 
which  such  vertical  circle  makes  with  the  meridian  is  called  its  azimuth, 
and  evidently  depends  on  the  latitude  of  ihe  place  and  the  polar  dis- 
tances of  the  stars. 

In  the  spherical  triangle  already  mentioned,  we  know  the  two  sides, 
which  are  the  polar  distances  of  the  two  stars,  and  also  the  included 
angle,  which  is  the  difference  of  their  right  ascensions.  We  may  there- 
fore easily  find  the  other  two  angles  of  the  triangle,  and  also  the  third 
side  ;  but  the  third  side  will  not  be  needed. 

Now,  let  us  designate  the  place  of  the  zenith  by  A,  and  the  places  of 
the  stars  by  B  and  C,  and  the  place  of  the  pole  by  P.     In  the  triangle 

P  B  C  ^ve  may  suppose  that  all 
the  parts  are  known,  and  when- 
ever A,  B,  C,  are  in  the  same 
great  circle  we  shall  have  cos  cp 
sin  A  =  sin  ^  sin  c  =  sin  C  sin  b, 
in  which  q)  denotes  the  latitude 
of  the  place.  Now  the  second 
members  of  this  equation  depend 
only  on  the  places  of  the  stars  ; 
and  we  may  select  such  stars  as 
will  render  the  second  members  nearly  constant  during  a  long  series  of 
years.  Then  in  order  to  find  the  azimuth  A  of  this  great  circle,  we  have 
only  to  divide  by  the  cosine  of  the  latitude  and  we  have  the  sine  of  the 
angle  A,  which  is  the  common  azimuth  of  the  two  stars. 

The  choice  of  stars  to  be  observed  is  a  matter  of  some  consequence  in 
this  method  of  determining  a  meridian  line.  They  should  be  bright  stars, 
so  as  to  be  easily  recognized,  and  should  be  at  least  ten  degrees  apart, 
so  that  the  errors  of  observation  would  have  as  little  influence  as  possible 
on  the  position  of  the  vertical  circle  passing  through  them.  If  they  are 
at  nearly  equal  distances  from  the  pole  they  will  be  in  the  vertical  of  any 
place  at  nearly  equal  intervals  of  time  before  and  after  passing  the 
meridian  ;  and  if  they  are  pretty  near  the  pole  they  will  serve  the  purpose 
of  finding  the  meridian  throughout  the  greater  part  of  the  hemisphere. 

The  two  stars  which  seem  to  be  most  favorably  situated  for  the  pur- 
pose are  J/e?'afc  and  ^Zio^/t.  Merak  is  the  one  of  the  Pointers  most  dis; 
tant  from  the  pole  ;  and  Alioth  is  the  third  star  from  the  end  of  the  tail- 
both  being  in  the  constellation  of  the  Great  Bear.  The  polar  distances  of 
these  stars  are  32  degrees  49  minutes  and  33  degrees  14  minutes  respect- 
ively ;  and  the  angle  at  the  pole  between  them  is  28  degrees  40  minutes. 
In  the  year  1850  the  angle  B=^1^  degrees  22  mmutes  53  seconds,  in  1890 
^  =  79   degrees  30   minutes   5  seconds,  and  in  1930  5  =  79  degrees  37 
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minutes  45  seconds  ;  and  the  values  of  c  for  the  same  dates  are  32  degrees 
48  minutes  53  seconds,  33  degrees  1  minute  41  seconds,  and  33  degrees  14 
minutes  27  seconds  respectively. 

We  may,  therefore,  easily  compute  a  table  of  the  values  of  the  logar- 
ithms of  cos  q)  sin  ^1,  extending  over  a  period  of  at  least  two  hundred 
years  from  1S50,  with  sufficient  accuracy  for  all  the  purposes  of  the  land 
surveyor,  by  the  following  formula  ; 

log  cos  q)  sin  A  =  9.72644  +  0.00006625.^; 
in  which  t  denotes  the  number  of  years  after  1850.     We  may,  therefore, 
write  the  following  table  of  log  cos  (p  sin  A  : 

Date.  log  cos  fp  sin  A.   Date.  log  cos  (p  sin  A. 


1850 9.72644 

1860 9.72710 

1870 9.72776 

1880 9. 72842 

1885 9.72S76 

1886 9.72883 

1887 9.72890 

1888  9.72896 


1901 9.72983 

1902 9.72990 

1903 9,72996 

1904 9.73003 

1905 9.73010 

1906 9.73017 

1907 9.73023 

1908  9.73030 


1889 9,72903  |  1909 9.73037 

1890 9.72910    1910 9  73043 

1891 9.72917    1911 9.73049 

1892 9.72924  11912 9.73056 

1893 9.72930(1913 9.73063 

1894 9.72937  I  1914 9.73070 


1895 9.72944 

1896 ...  9.72950 

1897 9.72957 

1898 9.72964 

1899 9.72970 

1900 9.72976 


1915 9.73076 

1916 9.73083 

1980... 9.73175 

1970 9.73440 

2010....; 9.73705 

2050 9. 73970 


By  simply  subtracting  th^  log  cosine  of  the  given  latitude  from  the 
numbers  in  this  table,  we  get  the  log  sine  of  the  azimuth  at  the  corre- 
sponding date.  Thus  for  the  year  1888.  in  41  degrees  30  minutes  we  find 
A  =  45  degrees  40  minutes  10  seconds,  which  is  the  common  azimuth  of  the 
two  stars  when  in  a  vertical  circle  passing  through  that  latitude,  whether 
east  or  west  of  the  meridian.  After  having  found  the  direction  of  this 
vertical  circle  on  the  ground,  we  only  need  to  lay  off  another  line  at  an 
angle  of  45  degrees  40  minutes  10  seconds  with  it  to  the  northward,  and. 
we  have  the  position  of  the  true  meridian  passing  through  the  given 
place. 

The  second  method  of  finding  the  meridian  from  the  same  observations 
depends  on  the  hour  angle  .4  P  5.  This  method  seems  to  me  far  less 
convenient  than  the  one  already  explained;  and  for  the  following  rea- 
sons: 1.  The  determination  of  the  hour-angle  of  the  star  from  the  data 
of  the  problem  is  very  much  more  laborious  than  the  determination  of 
the  azimuth  angle.  2,  After  the  hour-angle  is  computed  it  is  necessary 
to  wait  for  the  star  to  come  to  the  meridian  after  the  observations  are 
made,  and  sight  the  star  when  in  the  meridian,  and  we  get  at  once  its 
true  direction.  By  the  first  method  we  turn  off  the  proper  azimuth  our- 
selves at  the  time  of  making  the  observations  ;  in  the  second  method  we 
wait  for  the  star  to  turn  it  off.  Now,  unless  the  star  should  happen  to  be 
very  near  the  meridian  at  the  time  of  the  observation,  it  would  be  very 
inconvenient  to  employ  this  method  at  all,  not  only  on  account  of  the 
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inconvenience  of  waiting  a  long  time,  but  aleo  from  the  clanger  of  clouds 
obscuring  the  star  at  the  moment  of  meridian  passage. 

In  the  case  of  the  two  stars  ah-eady  considered,  in  the  latitude  of  40 
degrees,  the  star  Merak  comes  to  the  meridian  3  hours  after  being  in  the 
same  vertical  circle  with  AUoth  ;  so  that  while  by  the  first  method  we 
could  turn  off  the  true  meridian  in  three  minutes  of  time,  it  would  re- 
quire three  hours  by  the  second  method.  These  two  stars  are  therefore 
not  well  adapted  for  determining  the  place  of  the  meridian  by  the  second 
method. 

Writers  on  surveying  have  selected  the  Pole  Star  and  Alioth  as  the 
two  stars  most  proper  for  finding  the  true  meridian  ;  but  on  account  of 
the  extremely  loose  directions  they  have  laid  down  for  surveyors  in  the 
application  of  the  method,  I  have  thought  it  might  be  of  some  interest 
to  bring  the  subject  before  the  Club. 

Thi  s  Gillespie  says  that  in  17  minutes  after  Polaris  and  Alioth  are  in  the 
same  vertical  circle,  Polaris  will  be  in  the  meridian,  and  may  be  sighted 
after  that  interval  with  perfect  accuracy.  Schuyler,  in  a  work  published 
some  twenty  years  later  than  Gillespie's,  also  says  17  minutes;  while 
Wentworth  and  De  Volson  Wood,  in  some  quite  recent  works,  say  that 
the  interval  should  be  23  minutes.  Da  vies  says  that  if  you  sight  Polaris 
while  in  the  same  vertical  with  Alioth  you  have  the  meridian  very 
nearly  ;  and  Mr.  W.  S.  Chaplin,  in  the  P  roceedings  of  the  Civil  Engineer 
Club  of  Philadelphia  for  May,  1»84,  gives  the  interval  as  25  minutes  36 
seconds  for  the  latitude  of  40  degrees. 

Gillespie's  work  was  published  about  the  year  1855,  and  we  may 
properly  suppose  that  it  was  designed  for  the  use  of  surveyors  in  the 
latitudes  of  the  United  States,  which  are  nearly  all  included  within  the 
parallels  of  30  degrees  and  50  degrees.  Now  we  have  seen  that  the  lati- 
tude of  the  place  enters  as  an  element  into  the  determination  of  meridian 
lines  ;  and  if  we  inquire  at  what  place  on  the  earth's  surface  Polaris,  was 
in  the  meridian  exactly  17  minutes  after  being  in  the  same  vertical  with 
Alioth,  we  shall  find  the  parallel  to  be  46  degrees  4  minutes  south  lati- 
tude, in  the  year  1850.  In  the  year  1854  the  required  latitude  was  55 
degrees  north  ;  in  1858  it  was  66  degrees  4  minutes  north  ;  in  1866  it  was 
28  degrees  45  minutes ;  in  1886  it  was  86  degrees  30  minutes  ;  while  in 
1986  it  will  be  89  degrees  north  latitude.  We  thus  see  that  Polaris  has 
never  passed  the  meridian  in  exactly  17  minutes  after  being  in  the  same 
vertical  circle  with  Alioth,  at  any  point  of  the  United  States,  since  the 
publication  of  Gillespie's  work,  although  it  did  a  short  time  before. 
None  of  the  writers  above  mentioned  give  the  date  or  latitude  at  which 
the  rule  is  supposed  to  be  true,  except  Prof.  De  V^olson  Wood,  and  his 
calculation  is  made  for  the  latitude  of  Hoboken  (40  degrees  44  minutes), 
and  for  the  beginning  of  the  year  1684.  But  in  his  calculation  he  un- 
fortunately took  the  right  ascension  of  Alioth  one  degree  too  great ;  so 
that  he  should  have  found  the  interval  of  time  to  be  25  minutes  49 
seconds,  instead  of  22  minutes  1  second,  thus  making  his  result  3 minutes 
48  seconds  in  error. 

In  order,  therefore,  to  make  this  second  method  convenient  and  accu- 
rate, it  would  be  necessary  to  prepare  a  table  of  double  entry,  with  the 
latitude  of  the  place  for  one  argument,  and  the  time  or  year  for  the  other  ; 
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but  even  with  this  degree  of  elaboration  it  would  be  far  less  convenient 
for  use  than  the  first  method  ;  because  the  interval  between  the  observa- 
tion and  meridian  passage  is  constantly  becoming  greater.  Thus  in  lati- 
tude of  40  degrees,  in  1850,  it  was  16  minutes  35  seconds ;  in  1870  it  was 
21  minutes  42  seconds  ;  in  1890,  it  will  be  27  minutes  46  seconds  ;  in  1910 
it  will  be  35  minutes  2  seconds  ;  in  1930  it  will  be  43  minutes  49  seconds  ; 
w^hile  in  the  year  2100  it  will  amount  to  4  hours  50  minutes  34  seconds* 
We  thus  see  that  the  interval  is  not  only  rapidly  increasing,  but  that  it 
increases  at  a  rapidly  increasing  rate.  In  the  year  1787,  just  one  hundred 
years  ago,  the  right  ascensions  of  Polaris  and  Alioth  differed  by  just  12 
hours,  and,  consequently,  they  passed  the  meridian  and  vertical  circles 
at  the  same  time  in  all  latitudes. 

In  the  motion  of  the  pole  of  the  equator  around  the  pole  of  the  ecliptic 
it  crosses  the  great  circle  which  joins  the  two  stars  Polaris  and  Alioth  in 
two  points.  About  the  year  1787  the  celestial  pole  was  directly  between 
these  two  stars,  and  a  little  less  than  two  deqrees  distant  from  Polaris, 
and  about  1,700  years  before,  it  was  also  directly  between  them  at  a  dis- 
tance of  a  little  more  than  eleven  degrees  from  Polaris.  The  pole  of  the 
heavens  has  therefore  been  in  peculiar  relations  to  these  two  stars  for 
more  than  two  thousand  years  ;  but  this  close  relationship  will  soon  cease 
to  be  recognized,  and  will  altogether  di3appear  during  an  interval  of  more 
than  twenty-three  thousand  years,  w^hen  the  conditions  of  the  past  two 
thousand  years  will  be  renewed. 


DISCUSSION  OF  PROFESSOR  STOCKWELL'S  PAPER. 

Mr.  Varney  :  Does  the  change  in  the  position  of  the  stars  affect  the  use 
of  them  for  this  purpose? 

Prof.  Stockwell :  You  can  consider  that  the  stars  are  absolutely  fixed 
in  position  with  reference  to  the  motion  of  the  earth.  I  found  during  a 
period  of  40  years  that  the  absolute  distance  between  two  stars  changed 
only  one  second  of  arc.  We  maj'  consider  these  particular  stars  as 
absolutely  fixed.  The  changes  that  take  place  are  due  to  the  motion  of 
the  celestial  pole  in  space.  The  precession  of  the  equinoxes  causes  the 
celestial  pole  to  describe  a  complete  circle  in  about  25,000  years.  Alpha 
Lyra,  the  brightest  star  in  the  northern  hemisphere,  will  be  the  pole  star 
in  13,000  years.  Shows  diagram.  The  places  of  most  stars  can  be 
readily  calculated,  but  for  stars  near  the  pole  the  calculation  is  very 
complicated  unless  you  have  special  tables  and  formulas.  I  prepared  a 
set  of  tables  for  this  purpose  about  15  years  ago,  which  were  published 
by  the  Smithsonian  Institute.  There  is  no  other  work  of  the  kind  pub- 
lished so  far  as  I  know.  I  do  not  mention  this  to  advertise  my  work, 
but  because  the  informativ^n  contained  in  it  may  be  useful.  I  carried  the 
computation  to  cover  a  period  of  8,000  years  before  the  present  time  and 
8,000  years  after. 

Mr.  W.  H.  Searles :  Will  Prof .  Stockwell  put  on  the  board  a  chart 
of  the  heavens  including  the  dipper,  a  view  of  the  dipper  and  the  two 
stars  with  the  vertical  passing  through  them. 

Prof.  Stockwell  shows  diagram. 

Mr.  Searles  :  Then  two  observations  could  be  taken  on  the  same  nigh^ 
about  six  hours  apart. 


THE  USE  OF  CIRCUMPOLAR  STARS.  267 

Prof.  Stock  well :    Yes,  sir. 

Mr.  Varney  :  I  understand  you  that  the  observation  is  to  be  made 
when  the  plumb  line  will  cover  these  two  stars. 

Prof.  Stockwell :  Yes,  sir  ;  you  have  the  sine  of  the  horizontal  angle 
between  the  meridian  and  the  vertical. 

A  Member  :  You  say  that  we  have  the  records  showing  the  position  of 
he  north  star  in  the  early  ages. 

Prof.  Stockwell  :  We  have  the  records  from  some  3,000  years  ago.  The 
star,  which  is  now  the  pole  star,  was  then  12  degrees  from  tlie  pole. 

Prof.  Eisenman  :  You  remarked  that  the  azimuth  was  the  same  on 
both  sides  of  the  meridian.  Further,  did  I  understand  you  to  say  that 
the  method  was  more  accurate  than  any  other  ?    If  so,  why  ? 

Prof.  Stockwell  :  The  azimuth  is  the  syme  in  amount  on  both  sides  of 
the  meridian  ;  but  it,  of  course,  has  different  signs.  I  do  not  know  that 
this  method  is  any  better  than  other  methods.  The  only  advantage  is 
that  you  can  fix  it  with  a  less  accurate  instrument.  You  could  fix  it 
with  an  ordinary  compass,  but  you  could  not  observe  the  elongation  of 
the  star.  My  remarks  are  in  reference  to  the  method  given  in  the 
books. 

Prof.  Eisenman  :  My  object  in  asking  was  to  ascertain  if  this  was  the 
most  practical  method  of  getting  the  true  meridian. 

Prof.  Stockwell :  If  you  have  the  accurate  time  you  can  get  the  true 
meridian  with  the  theodolite  in  a  much  shorter  time. 

Mr.  Searles  :  I  would  suggest  that  the  two  methods  are  easily  combined 
Whenever  two  stars  are  on  the  vertical  one  has  recently  passed  its  elon- 
gation, the  other  is  approaching  its  elongation.  We  would  have,  then, 
three  observations  on  the  same  evening  by  which  to  verify  our  work. 

Prof.  Eisenman  :  By  observing  Polaris  (any  other  common  polar 
star  would  do)  at  elongation  the  true  meridian  may  be  found  vej-y 
readily.  You  will  find  the  method  very  much  more  accurate.  It  has 
been  adopted  even  in  more  refined  work  of  the  government.  For  ordi- 
nary purposes,  when  observations  within  one  minute  are  required  in  tak- 
ing the  star's  elongation,  all  you  have  to  do  is  to  watch  it  tor  20  to  25 
minutes  as  it  appears  to  travel  in  a  straight  line  along  the  vertical.  No 
particular  referenee  need  be  made  regarding  the  time  of  elongation- 
azimuth  of  the  star,  for  that  date  may  be  obtained  with  the  aid  of  a  nau- 
tical almanac. 

Prof.  Stockw-ell :  Skillful  astronomers  can  use  them,  but  ordinary 
surveyers  who  are  not  acquainted  with  the  nautical  almanacs  would 
have  trouble.  I  wish  to  say,  in  conclusion,  with  regard  to  Gillespie'' 
work,  that  Prof.  Staley  has  just  issued  a  revised  edition  ;  but  as  I 
have  not  seen  it,  I  am  unable  to  say  bow  he  has  treated  the  question. 

Mr.  Latimer  :  Do  I  understand  that  Mr.  Wood's  method  is  three  min- 
utes and  forty  seconds  wrong. 

Prof.  Stockwell  :Yes,  sir;  the  place  of  the  star  Alioth  was  at  least  four 
minutes  of  time  in  error,  which  causes  the  hour  angle  of  the  star  to  vary 
by  the  amount  mentioned.  I  understand  that  surveyors  still  adhere  to 
that  method. 

Mr.  Varney  :  I  doubt  whether  any  one  has  been  more  interested  in  the 
paper  than  I  have,  but  I  cannot  concede  that  this. method  could  be  useful 
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for  surveyors.     We  do  not  go  to  the  stars    to  inquire  the  way  over  the 
earth.     ¥/"e  now  take  other  methods  of  fixing  meridian  lines. 

Prof.  Eifenman  :  I  beg  to  differ  with  the  gentleman.  We  must  go 
to  the  stars  to  fix  these  meridian  or  base  lines.  The  pole  may  change  its 
position  with  reference  to  the  stars,  but  not  a  terrestrial  line  in  refer- 
ence lo  the  pole.  Hence  a  line  when  once  definitely  fixed  by  astronomi- 
cal observation  is  regarded  as  fixed  until  glaring  errors  are  discovered. 
I  do  not  find  any  use  myself  for  this  last  method.  I  studied  it  in  Gil- 
lespie and  found  it  in  Davies,  but  in  my  own  teaching  and  practice  have 
discarded  it  as  obsolete. 

Mr.  Varney  :  I  want  to  confine  my  observations  to  land  surveying,  to 
the  fixing  of  property  lines  for  individuals. 

Mr.  Baker  :  How  would  you  run  north  and  south  lines  in  new  coun- 
tries without  the  use  of  the  meridian  or  the  needle? 

Mr.  Yarney  :  What  I  protest  against  is  the  idea  that  when  the  line  is 
run  north  and  south  you  have  something  fixed.  The  supposition  is  that 
you  have  something  to  start  from  on  the  earth,  one  monument  at  least, 
now  place  one  at  the  other  end  of  the  line  and  you  do  not  need  to  refer 
to  the  stars  again. 

Mr.  Searles  :  The  discussion  hardly  does  justice  to  the  paper.  We  are 
much  indebted  to  Prof.  Stockwell  for  introducing  to  us  this  method, 
W^hether  the  use  of  pairs  of  circumpolar  stars  is  superior  to  the  method 
of  elongation  for  finding  meridian  lines  is  a  question  which  is  yet  to  be 
determined. 

Prof.  Stockwell :  I  did  not  write  the  paper  with  the  intention  of  recom- 
mending the  method,  but  as  it  had  been  given  in  the  books  in  a  very 
faulty  manner,  I  wished  to  point  out  the  errors.  I  think  that  there  are 
better  methods  of  finding  meridian  lines. 

Mr.  Force  :  Is  the  method  of  elongation  used  by  the  Government  sur- 
veyors ? 

Prof.  Eisenman  :  More  observations  are  taken  in  that  way  than  by  any 
other  method.  The  higher  the  order  of  work  the  more  refined  the  obser- 
vations. 


BOSTON    SOCIETY    OF    CIYIL    ENGINEERS— REPORT  OF    COM- 
MITTEE ON  WEIGHTS  AND  MEASURES. 
[Presented  March  16,  1887.] 


To  the  Boston  Society  of  Civil  Engineers  : 

Your  Committee  on  Weights  and  Measures  respectfully  presents  the 
following  report  : 

Standard  Time. 

The  adoption  of  standard  time,  which  took  place  November  18,  1883,  has 
been  followed  by  the  introduction  of  the  twenty-four  hour  system  of 
notation. 

The  special  committee  on  Standard  Time  of  the  American  Society  of 
Civil  Engineers,  at  the  annual  meeting  of  that  society  in  January  last, 
submitted  a  detailed  report  in  reference  to  the  general  adoption  of  the 
twenty-four  hour  notation  on  the  rail vy ays  of    America.     The  following 
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extracts  are  made  from  that  report  to  indicate  the  extent  and  success  of 
this  movement : 

"  It  was  publicly  announced  that  the  Canadian  Pacific  Railway  Com- 
pany had  decided  to  test  the  advantages  claimed  for  the  twenty-four 
hour  system  of  notation  by  an  actual  trial  on  a  portion  of  their  trans- 
continental line. 

"Accordingly,  at  mid-summer  last  year,  when  the  through  line  was 
opened  for  public  traffic,  the  time-tables  were  arranged  for  the  change 
of  notation  between  Port  Arthur,  on  Lake  Superior,  and  Vancouver,  on 
the  Pacific  Coast.  This  portion  of  the  railway  comprises  the  Western 
and  Pacific  Divisions,  1,913  miles  of  main  line,  which  together  with 
branches  and  connections  using  the  new  system,  embrace  in  all  over 
2,600  miles  of  railway.  It  extends  across  the  '  Central,'  the  '  Mountain,' 
and  the  '  Pacific  '  standard  time  zones.     *    *    * 

"  The  Vice-President,  Mr.  Van  Home,  has  placed  at  the  service  of  the 
committee  a  large  number  of  letters  received  on  the  subject  from  the 
principal  officers  on  the  Western  Division,  conductors  and  agents,  mayors 
of  cities,  the  Lieutenant-Governor  and  the  Premier  of  Manitoba  and 
others.  These  letters,  furnishing  information  as  to  the  results  of  the  ex- 
periment during  six  months  which  have  intervened,  *  *  *  afford 
overwhelming  testimony  on  two  points,  viz.  : 

"  1st.  The  great  advantage  of  the  twenty-four  hour  system  in  operating 
railways. 

"2d.  The  readiness  w^ith  which  business  men  and  the  general  public 
accept  the  change.     *    *    * 

"  The  experiment  of  the  last  six  months  has  determined  the  Canadian 
Pacific  Railway  Company  to  adopt  the  twenty -four  hour  system  per- 
manently, on  every  division,  every  branch  and  every  connecting  line 
under  its  control.  The  next  time  tables  issued  will  extend  the  use  of  the 
new  notation  eastward  to  Toronto  and  to  Ottawa,  the  capital  of  the 
Dominion.  In  another  year,  when  the  extensions  of  the  Pacific  Railway 
will  be  completed,  it  is  expected  that  the  twenty-four  system  will  be  put 
in  force  within  the. limits  of  every  province  of  Canada  from  Nova  Scotia 
on  the  Atlantic  to  British  Columbia  on  the  Pacific." 

The  American  Society  of  Civil  Engineers  then  adopted  the  following 
resolutions  : 

"Ist.  That  the  Report  of  the  Special  Committee  on  Standard  Time, 
now  submitted,  be  accepted,  and  the  Committee  continued. 

"  2d.  That  a  copy  uf  the  report  and  accompanying  letters  be  transmitted 
to  the  secretaries  of  the  several  railway  lime  conventions,  with  the 
request  that  they  take  into  consideration  the  propriety  and  expediency 
of  adopting  the  twenty-four  hour  system  on  all  the  railways  in  North 
America  at  the  next  change  of  time-tables,  and  that  the  Board  of  Direc- 
tion of  this  Society  be  authorized,  if  they  consider  it  expedient,  to  send 
copies  to  the  leading  railway  officials  of  the  country. 

•'od.  That  the  special  committee  be  instructed  and  authorized,  with 
the  approval  of  the  Board  of  Direction,  to  take  such  further  action  as 
may  b^  deemed  expedient  to  advance  this  important  movement. 

•'4th,  It  is  the  sense  of  this  society  that  it  is  desirable,  for  the  purpose 
of  familiarizing  the  public  with  the  change   involved  in  the  introduction 
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of  the  twenty-four  hour  system,  that  the  mayors  and  corporations  of  the 
principal  cities  in  the  United  States,  Canada  and  Mexico  have  the  dials 
of  public  clocks  adapted  to  the  new  notation  ;  also  that  it  is  desirable 
that  the  post-office  departments  of  the  United  States,  Canada  and  Mex 
ico  introduce  the  twenty-four  hour  system  of  notation  in  the  post-offices 
of  the  country  and  in  such  publications  on  postal  affairs  as  refer  to  the 
hours  of  the  day." 

During  the  month  of  February  a  bill  was  introduced  in  the  Legislature 
of  the  State  of  New  York  authorizing  the  use  of  this  new  notation  as  a 
legal  standard.     The  bill  contains  the  following  sections  : 

"  Section  1. — The  hours  of  the  day,  from  midnight  to  midnight,  may 
be  designated  by  consecutive  numbers  from  zero  to  twenty- four,  and  the 
hour  of  midnight  may  be  designated  either  as  twenty-four  o'clock  of  the 
day  then  ending,  or  as  zero  o'clock  of  the  day  then  beginning. 

**  Section  2. — This  act  shall  take  effect  immediately." 

Standard  Sizes  for  Wrought-Iron  Pipes  and  Pipe  Threads. 

At  the  sixth  annual  meeting  of  the  American  Society  of  Mechanical 
Engineers  held  in  Boston  in  November,  1885,  a  committee  was  appointed 
''to  confer  with  the  manufacturers  of  pipe,  pipe  dies,  and  pipe-fittings, 
with  a  view  of  bringing  about  a  uniformity  in  the  sizes  of  pipe  and  pipe- 
threads,  and  of  maintaining  it  by  the  use  of  gauges  which  shall  definitely 
represent  standard  sizes." 

At  a  meeting  held  at  Hartford  in  February,  1886,  it  was  agreed  that : 

'' The  opinion  of  this  committee  is  that  the  Briggs  standard,  which 
nearly  all,  if  not  all,  of  the  pipe  manufacturers  once  adopted,  is  the  proper 
standard  to  be  adhered  to,  and  that  it  only  requires  definite  co-operation 
on  the  part  of  pipe  manufacturers  with  the  committee  in  order  to  bring 
their  product  strictly  to  that  standard,  and  to  adopt  means  of  strictly 
adhering  to  it  within  practical  limits." 

The  matter  was  brought  before  the  various  manufacturers  of  pipe  and 
fittings  in  this  country,  who  responded  cordially.  After  correspondence 
and  several  conferences  the  manufacturers  of  wrought-iron  ]3ipe  and 
boiler  tubes  in  the  United  States,  at  a  meeting  held  at  Pittsburgh  in 
October,  1886,  resolved:  "That  the  wrought-iron  pipe  manufacturers  of 
the  United  States  hereby  adopt  the  Briggs  standard  of  gauges,  and  that 
where  any  manufacturer  has,  from  any  cause,  got  away  from  that 
standard,  he  be  requested  to  get  such  corrections  made  as  soon  as  possi- 
ble, so  as  to  conform  to  the  Briggs  standard." 

Subsequently  the  Manufactun?rs'  Association  of  Brass  and  Iron,  Steam, 
Gas  and  Water  Work  passed  resolutions  indorsing  the  action  of  the 
Wrought-iron  Pipe  Manufacturers,  and  affirming  "That  as  manufacturers 
of  brass  and  iron,  steam,  gas  and  water  work  we  will  act  in  conformity 
with  the  resolution  adopted  by  them." 

A  description  of  the  Briggs  standard  may  be  found  in  a  paper  by  the 
late  Robert  Briggs,  C.  E.,  on  "  American  Practice  in  Warming  Buildings 
by  Steam,"  in  the  Minutes  of  Proceedings  of  the  Institution  of  Civil 
Engineers  (London),  Vol.  LXXI.,  p.  95  ;  also  in  a  reprint  of  the  same  in 
Van  Nostrand's  Science  Series,  No.  68. 
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Persons  not  having  access  to  the  Transactions  of  the  American  Society 
of  Mechanical  Engineers  may  find  the  report  of  the  committee  and  a 
description  of  the  Briggs  standard  in  the  Sanitary  Engineer  and  Con- 
struction Record  of  February  26,  1887. 

The  Metric  System. 

Although  the  introduction  of  the  metric  system  into  this  country  has 
not  made  marked  progress  during  the  past  year,  that  system  is  gradually 
becoming  more  familiar  to  our  people  by  its  increasing  use  in  popular 
literature,  in  scientific  periodicals,  in  the  daily  papers,  and  in  school 
books.  Its  value  as  a  means  for  the  exact  expression  of  quantity  has 
long  been  recognized,  and  its  use  for  scientific  purposes  is  becoming 
general. 

Col.  Henry  Flad,  in  his  address  as  President  of  the  American  Society 
of  Civil  Engineers,  at  the  annual  convention  in  July,  1886,  said  :  "  The 
introduction  of  the  metric  system  is  also  progressing,  though  not  quite  so 
rapidly  as  might  have  been  expected  from  the  progressive  spirit  of  our 
nation.  It  seems  strange  that  in  this  age  of  rapid  interchange  of  goods 
and  thoughts  between  civilized  nations,  such  an  obstacle  as  the  use  of 
different  measures  in  dit^erent  parts  of  the  globe  should  be  allowed  to 
exist.  Mobody  can  doubt  that  this  obstacle  will  be  removed  before  long, 
and  the  only  question  can  be,  what  system  should  be  adopted. 

'*  There  are  now  243  millions  of  people  using  the  metric  system,  and  the 
weight  of  numbers  is  probably  already  on  the  side  of  that  system.  This 
may  be  balanced,  or  even  outweighed,  by  the  industrial  prominence  of  the 
nations  which  use  the  English  standard  ;  but  the  selection  should  clearly 
not  be  made  either  on  the  basis  of  the  greater  number  now  using  a  particu- 
lar system,  nor  on  the  cost  of  the  change  in  money,  or  in  temporary  in- 
convenience, but  it  should  be  made  on  the  intrinsic  merits  of  the  system. 
And  there  can  be  no  doubt  that  the  metric  system  fulfills  almost  every 
condition  of  a  perfect  system  of  measurement,  and  could  hardly  b^im- 
proved.  *  *  *  Our  manufacturers  may  be  willing  to  agree  to  the 
change  whea  they  consider  that  many  countries  showing  rapid  progress, 
such  as  Brazil,  Mexico,  and  the  Republics  of  South  America,  have 
adopted  the  metric  system,  and  that  this  gives  to  France  and  Germany  a 
great  advantage  over  the  United  States  in  selling  to  these  countries  their 
manufactures." 

Public  opinion  in  the  West  appears  to  be  more  strongly  in  favor  of  the 
complete  introduction  of  the  metric  system  than  it  is  in  the  E^st.  Among 
the  evidences  of  this,  may  be  mentioned  the  recent  action  of  the  West- 
ern Association  of  Architects. 

This  association  appointed,  in  1885,  a  committee  to  consider  and  report 
upon  the  advisability  of  changing  the  subdivision  of  the  standard  foot 
measure  from  duodecimal  to  decimal  subdivisions.  This  committee  re- 
ported to  the  association  in  November,  1886,  that  a  change  to  decimal 
subdivisions  was  desirable,  and  that  among  the  benefits  arising  from 
such  a  change  could  be  mentioned  : 

*^  1.  Greater  ease  of  operation  in  written  calculations. 

*'  3.  Greater  certainty  and  rapidity  in  mental  operation  with  numbers 
of  measure. 
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"  3.  Decreased  liaVnlity  to  error  in  figuring  drawings  or  in  indicating 
any  given  dimension,  said  errors  often  arising  from  a  mental  confusion, 
caused  by  computing  numbers  decimally  and  duodecimally  in  the  same 
operation. 

"  4.  A  general  saving  of  time  and  anxiety  ensuing  from  the  abandon- 
ment of  a  slov7  and  complex  method  of  vt^ork  for  one  simple  and  rapid." 

The  Committee  recommended  :  ''  That  the  Western  Association  of  Ar- 
chitects appoint  a  committee  of  three  or  more,  whose  duty  it  shall  be 
during  the  ensuing  year  to  confer  personally  or  by  correspondence  with 
representatives  of  the  American  Institute  of  Architects,  the  several  civil 
and  mechanical  engineers'  societies  and  the  leading  interested  manufac- 
turers of  the  country,  to  seek  with  them  for  a  common  line  of  action, 
and  to  ascertain  from  many  sources  if  this  reform  be  practicable."  They 
further  recommended  "That  folio  wing  such  appointment  an  official  notice 
of  such  action  by  this  association  be  forwarded  to  the  societies  and  oth- 
ers above  named,  asking  for  the  appointment  of  similar  committees  on 
their  part,  or  for  such  other  consideration  of  the  subject  as  to  them  may 
seem  wise  and  proper." 

In  the  discussion  that  followed,  it  was  urged  that  to  divide  the  foot 
into  ten  equal  parts  would  be  of  comparatively  little  advantage,  and 
would  be  quite  difficult  to  introduce  ;  that  if  a  change  be  made,  it  should 
be  to  the  metric  system,  which  embraces  not  only  measures  of  length,  but 
also  measures  of  capacity  and  weight.  The  President,  in  his  remarks, 
said  :  "  I  think  it  would  be  injudicious  if  we,  as  architects,  were  to  pro- 
pose the  adoption  of  merely  a  little  trifling  reform,  referring  only  im- 
mediately to  the  one  unit  of  measure  employed  by  ourselves  in  our  work 
If  we  really  desire  the  decimal  sj^stem,  we  should  unite  with  other  pro- 
fessions who  are  endeavoring  to  secure  the  adoption  of  the  metric  systems 
and  •while  there  is  now  no  motion  before  the  house  with  reference  to  this 
matter,  as  there  is  nothing  but  the  consideration  of  the  report  of  the 
committee  on  using  the  decimal  notation  of  the  foot,  it  might  be  well  to 
suggest  that  the  sense  of  the  association  be  taken  with  reference  to  it; 
attitude  as  regards  a  wider  range  of  action  ;  that  is,  as  regards  the  adop- 
tion of  the  metric  system  as  a  whole  ;  and  I  should  be  very  glad  to  hear 
a  little  wider  expression  of  opinion  on  that  subject." 

Afterward,  the  following  resolutions  were  adopted: 

^'Resolved,  That  the  report  of  the  Committee  on  the  Decimal  Division 
of  the  Foot  be  received  and  placed  on  file. 

"JResolved,*  That  this  association  recommend  the  adoption  of  the  metric 
system  of  weights  and  measures,  and  that  the  President  appoint  a  com- 
mittee whose  duty  it  shall  be  to  correspond  with  other  organizations  in- 
terested in  this  subject  and,  in  connection  with  them,  petition  Congress 
to  pass  a  law  making  the  use  of  the  metric  system  compulsory  after  a 
reasonable  period." 

Interest  in  the  metric  system  continues  to  be  shown  by  civil  engineers 
by  placing  metric  scales  on  plans — a  practice  that  is  increasing  ;  by  the 
publication  of  metric  quantities  in  reports,  instead  of  converting  them 
into  British  units  ;  and  by  the  use  of  metric  measures  in  computations 
based  upon  metric  constants.  The  use  of  the  meter^s  being  extended  to 
vertical  measurements  in  the  Coast  and  Geodetic  Survey. 
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The  use  of  the  metric  system  in  foreign  countries  is  increasing.  A 
brief  statement  of  the  history  of  its  introduction  into  the  Argentine  Con- 
federation is  interesting  at  the  present  time. 

The  law  of  April  10,  1863,  adopted  the  metric  system,  directing  instruc- 
tion in  it  and  the  preparation  of  conversion  tables,  and  proposed  its  oblig- 
atory use  when  it  should  appear  expedient. 

The  decree  of  May  17,  1872,  ordered  it  to  be  used  in  the  business  of  the 
Custom-house  from  January  1,  1873,  as  a  method  of  bringing  it  into 
general  use. 

The  law  of  January  18,  1877,  makes  its  use  obligatory  in  all  contracts 
and  in  all  commercial  transactions,  after  the  first  of  January,  1887,  and 
prohibits  the  use  of  other  weights  and  measures  than  those  of  the  metric 
system  after  that  date.  Respectfully  submitted, 

Charles  H.  Swan, 
Charles  W.  Folsom, 

CHARLIE'S   W.   KeTTELL. 

Boston,  March  15,  1887. 

DISCUSSION  OF    REPORT  OF    COMMITTEE   ON   WEIGHTS  AND  MEASURES. 

Mr.  Fred.  Brooks  :  The  action  which  has  been  mentioned  of  the 
Western  Association  of  Architects  with  reference  to  petitioning  Congress, 
naturally  leads  to  a  consideration  of  the  subje<^t  of  legislation.  Legisla- 
tion always  accompanies  changes  in  people's  weights  and  measures,  and 
in  this  country  plainly  it  must  do  so  ;  for  with  us  it  is  simply  the  formal 
expression  of  the  popular  will  through  our  representatives,  or  mouth- 
pieces. It  is  our  way  of  combining  individual  wishes  into  concerted 
action  ;  and  as  reform  in  weights  and  measures  requires  all 
citizens  to  act  together,  it  is  only  through  our  Congressional 
representatives  that  it  can  be  conducted  intelligently.  This  is  recognized 
in  the  provision  of  the  Constitution  that  "  the  Congress  shall  have 
power  to  "  "  fix  the  standard  of  weights  and  measures."  Congressional 
legislation  was  always  contemplated  by  this  Society's  committee  on  the 
metric  system  ;  and  a  special  committee  of  the  American  Society  of  Civil 
Engineers  reporting.  May  6,  1874,  on  some  memorials  to  Congress  in  be- 
half of  the  metric  system,  said:  "  A  series  of  legal  enactments,  carefully- 
considered,  cautiously  introduced,  and  steadily  pursued,  is  considered 
the  proper,  the  wisest,  and  the  necessary  course  to  be  pursued  in  the 
endeavor  to  attain  these  great  benefits."  To  facilitate  the  conduct  of 
reform  in  weights  and  measures,  the  National  House  of  Representatives 
more  than  twenty  years  ago  established  a  Standing  Committee  on  Coin- 
age, Weights  and  Measures,  which  is  now  one  of  its  principal  committees, 
and  has  a  large  membership.  This  committee  has  made  two  elaborate 
reports,  one  in  1866  and  one  in  1879,  both  in  favor  of  the  ultimate  adop- 
tion of  the  metric  system,  although  the  membership  was  completely 
changed  and  the  political  complexion  reversed  during  the  interval  be- 
tween them.  It  is  through  the  instrumentality  of  this  committee  that 
our  people  have  to  bring  about  reform  in  weights  and  measures  ;  we  must 
make  it  the  nucleus  of  official  action. 

The  necessity  of  action  by  the  Congressional  Committee  may  be  more 
clearly  perceived  if  a  little  notice  is  taken  of  what  happens  when  the 
committee  neglects  to  act,  as  at  the  present  time.      Changes  are  being 
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made  in  weights  and  measures,  and  made  with  legislation,  with  a  great 
deal  of  it,  but  it  is  State  legislation  ;  for  until  the  United  States  Congress 
exercises  its  constitutional  authority,  the  subject  is  (Uke  bankruptcy  and 
a  few  other  matters)  left  to  the  several  States  to  do  what  they  please  with. 
When  in  Massachusetts  in  1859  the  wine  quart  was  substituted  for  the 
beer  quart  in  the  milk  business,  it  was  done  by  a  law  of  the  common- 
wealth. The  activity  and  ingenuity  of  local  legislation  is  made  conspicu- 
ous by  a  table  inserted  on  the  third  page  of  the  Standard  Diary,  as  if  it 
■were  of  the  fii  st  importance  for  the  citizen  to  have  at  hand,  exhibiting  the 
weight  of  a  bushel  in  pounds.  This  table  is  entered  at  the  top  with  the  names 
of  our  various  crops,  including  coal  and  salt,  and  is  entered  along  the 
side  with  names  of  the  several  States,  including  the  District  of  Columbia; 
but  it  is  so  far  from  being  either  comple^^e  or  correct,  that  a  few  illustra- 
tions of  very  recent  legislation  may  be  cited  to  show  what  is  going  on.  On 
March  6,  1885,  a  law  of  Kansas  was  approved,  fixing  the  weight  per  gallon 
of  oils,  as  naphtha,  5f  pounds  ;  linseed  oil,  7^  pounds,  and  many  others. 
Next  day,  March  7,  1885,  another  law  of  Kansas  w^as  approved  to  amend  a 
law  of  1879,  which  was  itself  amendatory  of  a  law  of  1877,  about  weights 
and  measures.  This  illustrates  the  frequency  of  changes.  The  March  7  law 
fixes  (in  the  absence  of  special  agreement  to  the  contrary)  the  number 
of  poun  is  which  shall  constitute  a  bushel  of  each  one  of  thirty-two 
different  commodities.  Two  days  later,  March  9,  1885,  a  similar  law  of 
Indiana  was  approved,  fixing  the  weight  per  bushel  of  thirty-one  com- 
modities, several  of  them  the  same  as  in  Kansas,  but  some  different. 
If  sales  are  to  be  by  weight,  it  is  a  needless  complication  to  use 
a  different  weight  unit  for  each  kind  of  grain  or  seed.  In  Kansas  the 
unit  for  native  blue  grass  seed  is  14  pounds,  but  the  unit  for 
English  blue  grass  seed  is  22  pounds.  To  use  for  the  same  commodity  a 
different  unit  in  different  States  is  another  needless  complication;  for  in- 
stance, onions  are  to  be  sold  in  Kansas  by  a  unit  of  57  pounds,  and  in 
Indiana  by  a  unit  of  48  pounds,  while  in  other  States  it  is  by  units  of  50, 
52  and  54  pounds.  The  Indiana  law  of  March  9  extended  to  some  other 
things  besides  the  bushel,  providing  that  there  should  be  2,000  pounds  to 
a  ton  of  hay  (which  is  different  from  the  ton  of  the  United  States  au- 
thorities), and  11  pounds. to  a  gallon  of  sorghum  molasses.  Two  or  three 
weeks  later,  March  28,  1885,  a  law  of  Missouri  was  approved  with  regard 
to  the  measuremeut  of  stonework  and  earthwork  in  the  absence  of  a 
special  agreement.  Section  2,  treating  of  rubble  masonry,  after  giving 
directions  for  obtaining  the  number  of  cubic  feet,  says:  "This,  divided 
by  twenty-two  (22)  will  be  the  amount  in  perches."  But  we  know  a 
perch  as  1^  X  16^  =  24|  cubic  feet,  and  the  laws  of  Iowa  (Section  2,050) 
fix  a  perch  there  at  25  cubic  feet,  A  still  more  pernicious  example  was 
the  action  a  little  earlier  of  the  Commonwealth  of  Massachusetts*  estab- 

*  Tlie  original  act  and  an  addition  to  it,  as  quoted  below,  were  passed  in  successive 
years  by  two  different  State  governments,  so  that  the  action  appears  to  be  deliberate. 

Acts  and  Resolvjes  pissed  by  the  General  Court  of  Massachusetts. 

1883,  Chapter  218. 

An  Act  to  Regulate  the  Sale  of  Coal  by  Measure. 
Be  it  enacted,  etc.,  as  follows  : 

Section  1.  In  the  sale  by  measure  of  coal  in  quantities  less  than  five  hundred  pounds, 
the  baskets  or  measures  used  in  measuring  the  same  shall  be  of  a  cylindrical  form,  of 
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lishing  a  bushel  for  coal  1  inch  greater  in  depth  and  ^  inch  greater  in 
diameter  than  the  United  States  bushel,  and  therefore  between  18  and  19 
per  cent,  greater  in  capacity.  I  am  not  aware  of  the  existence  of  such  a 
bushel  anywhere  else  on  earth.  Another  sample  enactment  of  the  same 
character,  but  more  naively  expressed,  may  be  quoted  from  the  Revised 
Statutes  of  Vermont ;  Sec.  3710  says  :  "  One  bushel  and  three-quarters  of 
a  peck  shall  be  deemed  a  bushel  of  "  several  commodities  named. 

As  the  American  people  is  evidently  bound  to  have  legislation  on 
weights  and  measures,  it  might  better  be  well  considered,  imiform  and 
bcneficifvl  legislation  by  Congress,  than  be  stupid,  childish  and  contra- 
dictory legislation  by  forty  States  and  Territories  acting  at  cross  purposes. 
The  province  of  the  local  authorities  should  simply  be  to  provide  for  the 
work  of  verifying  and  authenticating  the  implements  used  in  trade  to 
weigh  and  measure  with,  so  that  they  may  conform  to  the  standard 
units  which  shall  be  fixed  by  Congress,  and  to  attend  to  the  detection  and 
punishment  of  the  use  of  fraudulent  or  forbidden  weights  and  measures. 
The  control  is  in  our  own  hands  ;  it  is  our  unquestionable  privilege  to 
maintain  the  confusion  of  discordant  regulations  just  as  long  as  we  find 
the  subject  uninteresting  and  dislike  to  give  a  little  serious  attention  to 
securing  better  management  ;  but  if  it  is  gratifying  to  our  national 
pride  that  the  United  States  led  nearly  all  the  Christian  nations  in 
introducing  decimal  coinage  and  abandoning  the  conflicting  New  Eng- 
land currency,  New  York  currency,  Pennsylvania  currency,  etc.,  it  is 
humiliating  that  the  United  States  is  left  to  be  among  the  last  of  civilized 
nations  to  drop  grossly  irregular  weights  and  measures.  The  diversity 
of  units  in  the  different  States  may  have  done  little  harm  when  there  was 
hardly  any  communication  between  the  States,  but  with  the  modern  de- 
velopment of  intercommunication  it  is  not  to  be  tolerated.      Professor 

the  following  dimensions  in  the  inside  thereof,  to  wit :  Nineteen  inches  in  diameter  in 
every  part,  and  nine  inches  in  depth  measured  from  the  hig^hest  part  of  the  bottom 
thereof,  each  of  which  shall  be  deemed  to  be  of  ihe  capacity  of  one  bushel,  or  nine- 
teen inches  in  diameter  in  every  part,  and  four  inches  and  one-half  in  depth,  measured 
from  the  hjghest  part  of  the  bottom  thereof,  each  of  which  shall  be  deemed  to  be  of  the 
capacity  of  one-halt"  bushel.  Such  measures,  in  selling,  shall  be  filled  level  full,  and 
every  such  measure  shall  be  sealed  by  a  sealer  of  the  city  or  town  in  which  the  person 
using  the  same  usually  resides  or  does  business. 

Sec.  2.  Every  vender  of  coal  who  has  in  his  possession  a  basket,  box,  tub,  vessel  or 
other  measure  not  conforming  to  the  provisions  of  the  preceding  section,  or  not  sealed  as 
therein  provided,  with  intent  to  use  the  same  or  to  permit  the  same  to  be  used,  in  measur- 
ing coal,  sold  or  offered  for  sale,  and  any  person  who  measures  coal  sold  or  offered  for 
sale  in  any  basket  or  other  measure  not  conforming  to  the  provisions  of  the  preceding 
section,  and  sealed  as  therein  provided,  shall  be  subject  to  a  fiae  not  exceeding  twenty- 
dollars  for  each  offense.  Approved  June  2,  1883. 

1884,  Chapter  70. 

An  Act  in  Addition  to  an  Act  to  Regulate  the  Sale  of  Coal  by  Measure. 
Be  it  enacted,  etc.,  as  follows  : 

Section  1.  The  capacity  of  the  baskets  or  measures  mentioned  in  chapter  two  hun- 
dred and  eighteen  of  the  acts  of  eighteen  hundred  and  eighty-three,  shall  be  plainly 
marked  or  stamped  thereon  by  the  sealer  of  weights  and  measures.  Coai  sold  in 
accordance  with  the  provisions  of  said  chapter  two  hundred  and  eighteen  shall  be 
delivered  to  the  purchasers  thereof  in  the  same  baskets  or  measures  that  are  used  in 
measuring  such  coal. 

Sec.  2.  Any  person  who  violates  the  provisions  of  this  act  shall  be  subject  to  a  fine 
not  exceding  twenty  dollars  for  each  offence.  Approved  March  10,  1884. 
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Hadley  says  in  his  book  on  Railroad  Transportation  (p.  18),  "The  ex- 
tension of  trade  is  forcing  us  into  unity  of  money,  weights  and  measures.'* 
His  remark  refers  to  international  relations,  but  is  no  less  true  as  between 
united  states,  and  among  the  numerous  pertinent  illustrations  of  it  is  the 
treaty  of  peace  and  friendship  just  now  concluded  between  the  five  re- 
publics of  Central  America.  After  a  half  century  of  independence  they 
are  preparing  to  unite  again,  and  the  25th  article  of  the  treaty 
provides  for  a  commission  of  two  delegates  from  each  State  to  pre- 
sent schemes  for  uniformity  throughout  all  the  States  in  many 
important  matters,  among  them  coinage,  weights  and  measures. 
Though  in  many  respects  we  are  far  in  advance  of  these  neighbors  of 
ours,  we  may  well  take  a  lesson  from  them  in  this.  The  treaty  says 
nothing  about  what  system  of  money  or  weights  and  measures  is  to  be 
agreed  upon,  and  conservative  people  in  the  United  States  oug  ht  likewise  to 
ask  Congress  to  establish  a  uniform  system  of  weights  and  measures  with 
out  saying  what  that  system  shall  be,  if  they  want  to  ignore  the  metric 
system.  By  shutting  his  e.yes,  however,  to  the  invincible  progress  that 
the  metric  system  has  already  made  over  nearly  all  the  civilized  world 
and  is  now  making  over  the  remainder,  the  conservative  man  can  no 
more  escape  being  swept  along  with  it  than  the  ostrich  by  putting  its 
head  under  its  wing  can  escape  the  pursuit  of  the  hunter.  The  consul 
general  of  Costa  Rica  at  New  York  has  no  doubt  that  the  metric  system 
will  be  the  one  that  Central  America  will  adopt.  It  was  introduced  about 
two  years  ago  in  Costa  Rica,  and  is  now  in  practical  use  there.  Some 
thirty  years  ago  it  was  ordered  to  be  used  in  Guatemala,  though  with 
little  effect.  In  Honduras,  Salvador  and  Nicaragua  metric  weight  is 
used  in  coinage. 

The  essential  advantage  of  making  the  Congressional  Committee  the 
manager  of  reform  in  weights  and  measures  is  that  by  inaugurating  a 
concerted  movement  throughout  the  country  it  can  reduce  the  trouble 
and  expense  of  a  change  to  much  less  than  they  would  be  if  the  change 
were  made  in  a  hap-hazard  way  at  the  caprice  of  individuals,  as  may  be 
seen  by  considering  the  nature  of  the  change.  It  must  be  in  a  sense 
gradual ;  that  is,  in  any  one  man's  mind  or  in  any  one  man's  business  it 
is  necessarily  gradual  ;  it  may  take  several  years  to  get  all  the  books  of 
reference,  measuring  implements,  price-lists,  etc.,  of  a  single  firm 
altered,  or  to  finish  ^  smgle  work  for  which  plans,  specifications  and 
contracts  have  already  been  made  in  old  measures ;  but  different  men 
ought  be  changing  simultaneously,  so  that  one  man  or  one  business  may 
not  get  through  with  its  gradual  process  before  another  begins,  and  so 
prolong  the  annoyance  needlessly  ;  for  a  great  part  of  the  annoyance 
of  the  transition  consists  in  twice  measuring  and  computing  quantities, 
using  metric  expressions  and  old  expressions  for  the  same  thing.  The 
less  of  this  translating  there  is  needed  the  better. 

As  to  what  legislation  the  congressional  committee  ought  to  decide 
upon,  it  should  require  the  exclusive  use  of  the  metric  system  in  all 
government  business  after  some  date  fixed  a  few  years  in  the  future.  We 
now  carry  in  our  pockets  U.  S.  subsidiary  silver  coins  weighing  1  gram 
for  every  four  cents,  but  U.  S.  silver  dollars  whose  weight  we  awkwardly 
describe  as  412i  grains  ;  let  all  the  coin  weights  be  expressed  in  grams 
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and  stamped  on  tbe  coins.  In  our  post-office,  at  the  foreign  letter  win 
dow,  tliere  is  now  a  balance  lor  weighing  letters  per  15  grams,  but  at  the 
domestic  letter  windows  are  balances  for  weighing  in  ounces  ;  let  all  be 
made  metric,  even  if  it  should  allow  us  to  send  six  per  cent,  heavier  let- 
ters. In  the  medical  departnaent  of  the  U.  S.  Marine  Hospital  service  the 
metric  system  has  been  used  for  some  years,  while  the  army  and  navy 
surgeons  have  continued  to  use  old  weights  and  measures  ;  let  all 
Uncle  Sani's  doctors  alike  use  the  metric  units.  In  the  weather  bureau 
metric  values  are  given  on  the  international  charts,  but  only  old  units 
on  the  ordinary  charts  ;  let  them  all  use  metric  units  only.  On  the  U. 
S.  Coast  and  Geodetic  Survey,  the  U.  S.  Geological  Survey,  the  U.  S, 
Lake  Survey  and  the  surveys  under  the  Mississippi  River  Commission, 
there  has  been  very  extensive  use  of  the  metric  system,  but  the  U.  S.  pub- 
lic land  surveys  have  used  only  old  measures;  let  them  all  have  the  same 
unit,  the  meter.  In  the  publications  of  the  last  U.  S.  census  some  of  the  in- 
formation is  in  metric  terms,  some  in  old  ;  let  the  next  census  be  uniformly 
metric.  The  transition  process  of  using  confiicting  systems  does  not  want  to 
be  protracted.  Where  the  metric  system  has  already  been  introduced  in 
government  affairs,  it  has  been  mostly  by  the  discretion  of  the  officers  in 
charge,  and  it  might  be  introduced  from  time  to  time  into  other  govern- 
ment departments  at  the  discretion  of  other  officers  ;  but  an  act  of 
Congress  requiring  its  use  in  all  government  business  within  a  suitable 
and  sufficient  time  would  make  sure  of  the  action  of  all  the  government 
officers,  and  of  their  harmonious  and  substantially  simultaneous  action. 
Moreover,  government  transacts  so  much  business  and  deals  v.ith  so 
many  citizens  that  any  system  of  weights  and  measures  it  adopts  is 
bound  to  become  familiar  to  a  large  part  of  our  people.  Action  pos 
itively  showing  that  the  metric  weights  and  measures  are  going  to  be 
used  exclusively,  after  a  certain  date,  throughout  all  the  ramifications  of 
its  immense  business,  will  naturally  stimulate  prudent  men  to  plan  for 
managing  their  own  transactions  after  that  date  conveniently  with  the 
government  system,  just  as  prudent  men  to-day,  though  seeing  the 
advantages  of  the  metric  system,  are  constrained  to  adhere  to  the  old 
units  that  nearly  all  of  their  neighbors'  transactions  and  of  the  govern- 
ment's transactions  are  made  with.  Our  citizens  will  thus  have  a  motive 
for  changing  in  their  private  ^business  simultaneously.  Government, 
better  than  most  organizations  or  corporations,  can  venture  to  take  the 
initiative. 

The  exclusive  use  of  the  metric  system  in  government  business  and 
especially  in  the  custom  house,  as  a  step  preliminary  to  the  popular  use  of 
the  system,  has  been  tried  with  gratifying  success  in  various  countries 
among  those  that  have  more  recently  adopted  the  metric  system  ;  for 
instance,  in  the  Argentine  Republic  as  mentioned  in  our  committee's  re- 
port. There  the  custom  house  business  was  for  some  years  conducted  in 
metric  units,  while  they  were  not  used  in  commercial  transactions  gen- 
erally ;  but  a  change  not  only  was  ordered  to  be  made,  as  the  committee 
states,  but  actually  has  been  made,  and  ordinary  business  is  now  done 
there  in  metric  units. 

The  policy  of  introducing  the  metric  system  for  exclusive  use  in  the  gov- 
ernment service  was  proposed  in  the  report  of  the  Congressional  Committee 
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on  Coinage,  Weights  and  MeaEures  in  1866.  It  has  been  recommended  in 
many  quarters,  among  others  in  the  draft  of  a  memorial  to  Congress 
prepared  by  a  committee  of  the  American  Society  of  Civil  Engineers  in 
1877  (printed  in  A.  S.  C.  E.  Proceedings,  Vol.  III.,  p.  47).  It  was  pursued 
in  the  introduction  of  a  bill  from  the  Committee  on  Coinage,  Weights 
and  Measures  in  the  Forty-eighth  Congress,  1884,  and  in  its  renewal  by 
Mr.  Everhart  in  the  Forty-ninth  Congress  in  1886,  requiring  the  exclusive 
use  of  the  metric  system  in  the  government  departments  after  about  five 
years;  but  the  silver  question  absorbed  attention,  so  that- weights  and 
measures  had  to  wait.  When  the  Committee  of  the  Western  Association 
of  Architects  gets  its  proposed  appeal  ready  for  the  Fiftieth  Congress, 
which  will  be  in  session  next  winter,  our  Committee  on  Weights  and 
Measures  would  do  well  to  circulate  among  the  members  of  the  Boston 
Society  of  Civil  Engineers  blank  forms  w^hich  we  could  sign,  expressive 
of  our  opinions  in  favor  of  reform  in  weights  and  measures,  or  against 
it  if  desired,  so  that  our  judgment  may  be  ascertained  and  made  known, 
and  that  our  influence,  whatever  it  is,  may  also  be  properly  exerted  upon 
current  events  in  which  we  have  so  much  reason  to  be  interested. 


ANNUAL  ADDRESS. 


By  Chas.  Latimer.  Retiring   President  of  the   Civil  Engineers'   Club 

OF    Cleveland. 
[Read  at  the  Annual  Banquet,  March  15,  1887.] 


Fellow  Members  of  the  Civil  Engineers'  Club  of  Cleveland  and  Welcome 
Guests : 

Another  year  of  our  history  is  past  and  recorded,  and  according  to  our 
custom  we  are  gathered  around  the  festive  board,  all  save  a  noble  trio, 
a  Devereux,  a  Lawrence,  a  Whittlesey  ;  again  permitted  to  assemble  after 
the  labor  of  the  year  in  social  converse,  to  take  each  other  by  the 
hand,  to  revive  the  memories  of  past  days,  and  with  unabated  inter- 
est in  our  Society,  we  are  ready  to  seek  hereafter  with  fraternal 
emulation  under  a  new  administration  to  surpass  our  former  records. 
In  reviewing  the  work  of  the  engineering  world  during  the  past 
year,  I  have  been  forcibly  reminded  of  the  importance  of  a  good  foun- 
dation. What  is  a  beautiful  structure  without  it?  It  is  like  a 
whited  sepulchre,  all  fair  without,  but  rotten  within.  How  the  Script- 
ures warn  us  about  it.  The  foolish  man  is  likened  unto  one  who  built 
his  house  upon  the  sand,  and  the  wise  unto  one  who  founded  his  upon 
the  rock,  and  the  winds  blew  and  the  floods  came  and  it  fell  not,  because 
it  was  founded  upon  a  rock.  Now,  what  does  this  teach  us?  To  go  to 
rock  every  time,  if  possible,  for  our  foundation,  and  to  bore  into  that  and 
ascertain  if  it  is  but  a  shell.  But  the  foundation  is  not  all.  There  is  the 
material.  The  responsibility  is  great  here,  for  however  good  the  founda- 
t'on,  if  there  is  a  crumbling  stone,  a  poor  quality  of  iron,  unseasoned  or 
prematuiely  cut  timber,  failure  must  be  the  result.  Again,  what  will 
the  best  foundation  and  material  avail  without  the  skilled  workman  ? 
Unless  we  have  all  these  the  verdict  is  "  shoddy  !  " 

Grave  and  reverend  veterans  of  engineering,  may  it  never  be  your  evil 
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fortune  in  these  days  of  flood  and  disaster  on  land  and  sea  to  have,  like 
a  stroke  of  lightning  through  your  heart,  the  news  of  the  fall  of  a  bridge, 
of  a  tower,  the  breaking  of  a  shaft  or  rail,  the  bursting  of  a  boiler,  and 
to  feel  that  you  alone  are  responsible.  May  none  of  you  have  to  recall 
your  neglect  to  put  your  pier  or  abutment  upon  the  rock  when  it  might 
have  been  done  so  easily,  or  to  remember  some  oiher  act  of  unfaithful- 
ness, or  neglect  to  build  aright. 

Young  engineers,  full  of  hope,  ambitious  of  distinction,  do  not  let  love 
of  money  so  enthrall  you  that  your  profession  shall  not  stand  first,  and 
beginning  now,  let  it  always  be  said  of  you  what  may  be  said  of  some  ; 
*'  He  was  faithful  to  his  trust." 

I  am  reminded  here  that  in  the  closing  days  of  the  last  administration 
and  the  opening  of  the  new,  a  committee  was  appointed  to  take  m  hand 
the  subject  of  public  works.  A  scheme  was  outlined,  it  is  not  dead,  nor 
sleeping.  That  scheme  awaits  the  hour  when  as  a  people  we  shall  build 
our  own  railroads,  highways,  telegraphs  and  great  structures,  when  no 
pent  up  Utica  shall  contract  our  powers,  when  there  shall  be  no  scrimp- 
ing of  foundations,  no  narrowing  of  walls. 

In  the  direction  of  the  subject  of  public  works  and  of  government  con- 
trol, this  year  and  administration  have  been  distinguished  by  the  passage 
of  a  most  remarkable  bill,  called  the  ''  Inter-State  Commerce  bill."  I  do 
not  know  any  act  of  legislation  so  important  to  the  interests  of  all  of  us 
as  this,  and  I  do  not  know  any  which  should  be  more  gladly  hailed  by 
the  whole  country  as  a  step  in  the  right  direction,  however  crude  and 
unsatisfactory  it  may  appear.  Yet  it  looks  wonderfully  well  for  a  first 
shot.  To  those  who  have  observed  the  working  of  railroads  for  the  past 
fifteen  years,  it  has  become  plainer  each  year  since  1873,  that  the  govern- 
mental hand  of  the  people  must  sooner  or  later  be  stretched  out  to  snatch 
the  railroad  management  from  utter  chaos.  Since  1873  there  has  been  a  s>  s- 
tematic  movement  towards  consolidation,  and  for  this  stupendous  efforts 
were  put  forth  to  bankrupt  the  weakest  by  rate  wars;  the  result  was  that 
a  great  number  of  the  railroads  were  thrown  into  the  hands  of  receivers* 
were  entangled  in  the  meshes  of  the  law,  or  were  sold  out  for 
small  sums  and  made  part  of  large  systems.  This  caused  a 
deadly  struggle  to  prevent  bankruptcy  by  the  reduction  of 
wages  and  retrenchment,  and  had  its  culmination  in  the  fearful 
railroad  riots  of  1877  and  the  formation  and  enlargement  of  labor 
organizations.  A  revival  of  business  in  1879  with  a  great  boom  in  prices 
brought  temporary  relief  and  peace,  and  the  establishment  of  a  gigantic 
pool  of  all  trunk  lines  :  but  the  boom  being  fictitious  and  the  pool  short- 
lived, 1882  brought  renewed  strife.  The  pool  shivered  and  struck;  colors 
on  the  construction  of  the  West  Shore  Railroad  and  the  extension  of  the 
Lackawanna,  and  for  two  years  the  fight  was  renewed  with  redoubled 
energy,  and  the  whole  system,  with  but  little  exception,  was  only  saved 
from  wreck  and  the  receiver  by  the  revival  of  the  pool  in  1885.  The 
leaven  had  worked,  however,  and  legislatures  and  Congress  with  b^* 
resentatives  of  new  views  appeared.  Labor  organization  also  tended 
to  consolidation.  The  societies  of  labor  suddenly  arose  to  emi- 
nence, bidding  fair  to  unite  in  one  general  organization  to  meet 
a    combined     pool     of     all     railroads     in     the     land.       Amid    this 
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Titanic  strife,  when  it  seemed  as  if  all  the  railroad  and  labor 
systems  of  the  country  would  be  involved  in  irretrievable  ruin  and 
the  strike  and  boycott  s:emed  to  bid  fair  to  be  the  rule  instead  of  the 
exception,  the  "  Inter-Staie  Commerce  bill"  came  like  the  booming  of 
the  first  gun  on  the  side  of  the  people  in  Congress  assembled.  Shivering 
the  pool  by  legal  enactment,  abolishing  privileges,  insisting  upon  equality 
for  all  men  in  business,  declaring  against  monopolies  and  providing  a 
penalty  that  if  "these  laws  be  not  faithfully  performed,  we  will  lay 
'hands  on  you,  fine  and  imprison  you."  The  passage  of  the  Inter-State 
■Commerce  bill  is  the  daw-n  of  a  blighter  day.  The  law  may  be 
imperfect,  it  may  require  changes  both  w^ays,  but  it  means 
business,  and  there  is  but  one  way  to  do,  obey  it  in  the 
letter  and  the  spirit,  whatever  may  come.  That  same  legislation  which 
prevents  one  class  of  citizens  from  gaining  or  obtaining  advantages  in 
business  over  another  must  be  continued  until  its  ramifications  extend 
to  all  classes  of  trade,  when  the  law  requires  and  enforces  perfect  equali- 
ty in  the  dealings  of  all  corporations,  the  employes  and  patrons,  then 
combinations  for  greedy  purposes  must  cease;  and  when  greed  is 
chained  then  monopolies  die,  and  the  strike  and  the  boycott  die  with 
tnem.  In  the  Inter-State  Commerce  bill  we  have  the  beginning  of  the 
end,  and  the  result  cannot  fail  to  be  beneficial  to  our  profession  and  the 
whole  country. 

In  my  judgment  that  Inter-State  Commerce  bill  should  liave  provided 
that  it  shall  be  unlawful  for  any  railroad  company  to  run  any  loco- 
motives or  trains  or  to  do  any  work  in  the  shops  or  offices  of  the  same 
on  Sunday,  except  such  works  of  necessity  as  emergency  may  clearly 
demand,  thus  showing  the  railroad  companies  that  the  people  in  Con- 
gress assembled  declared  for  the  law  of  the  God  of  our  fathers,  and 
showed  an  example  of  obedience  to  law-  as  government  and  people,  and 
declared  against  the  slavery  now  existing  on  our  railroads,  when  it  is 
unsafe  for  a  man's  official  head  for  him  to  obey  the  law  of  God  in  this 
respect.  Seven  days  of  constant  work,  with  twelve  hours' rest,  will  soon 
wear  out  any  man,  however  strong  ;  but  seven  days  of  work  of  fifteen 
hours,  as  we  frequently  see  it,  will  destroy  the  life  of  the  individual  and 
dwarf  the  nation. 

The  past  year  has  been  one  of  extraordinary  activity,  mental  as  well  as 
physical.  There  have  been  but  few  hands  necessarily  idle,  and  yet  never 
in  the  history  of  m'odern  times  have  there  been  so  many  idle  of  their  own 
determined  will.  The  workmen  of  the  world,  and  especially  of  the  new 
world  and  of  our  own  country,  have  been,  and  are,  stirred  to  their  pro- 
foundest  depths.  Is  there  a  cause  ?  Has  faith  fled  ?  Have  morahty  and 
religion  waned  ?  Is  it  a  sham  that  temples  to  the  living  God  are  going 
up  on  every  hand?  With  every  advance  of  the  steel  rod,  the  church  and 
the  school-house  are  the  first  structures  erected.  There  is  a  cause;  but 
faith  is  not  yet  dead,  nor  have  morality  and  religion  left  us.  The  nation 
is  but  beginning  to  feel  the  grandeur  of  its  resources.  The  possibilities 
for  sudden  wealth  are  so  enormous  that  the  people  of  all  lines  of  work 
are  in  a  feverish  state  of  excitement,  each  feeling  that  he  has  scarcely 
his  pjpportion.  Tied  down  to  a  narrow,  circumscribed  circle,  the  work- 
man chafes  at  the  fact,  and  longs  to  grasp  more  of  the  golden  apples  of 
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this  natural  Hesperides.  Iq  this  universal  greed,  law  is  temporarily 
ignored.  The  laborer,  seeing  the  colossal  fortunes  called  up,  as  it  were 
by  the  lamp  of  Aladdin,  partakes  of  the  spirit  of  greed,  so  much  so  that  he 
is  willing,  and  even  often  anxious,  to  work  seven  days  in  the  week;  more 
willing  to  protest  against  a  diminution  of  pay,  or  to  demand  raore,  than 
against  being  required  to  break  God's  law. 

I  have  asked,  and  have  been  asked  many  times,  *'  What  is  the  cause 
of  this  great  unrest  in  the  labor  world  ?"'  These  are  some  of  the  answers: 
over  immigration;  ignorance  of  the  laboring  classes  ;  man's  inhumanity 
to  man  ;  monopolies  ;  combination  of  capital  ;  stock  gambling  ;  greed  ; 
over  work  ;  intemperance  ;  great  land  grants  to  few  persons,  and  so 
forth.  This  is  a  long  list,  and  the  causes  are  mixed  in  these  state- 
ments, but  all  show  that  there  is  a  profound  dissatisfaction  and  it  must 
be  treated  with  respect  and  consideration  by  all  men.  There  is  some 
great  change  in  political  economy  at  hand  for  us,  and  to  my  view  the 
solution  is  a  grand  one  for  the  advancement  and  excellence  of  public 
works.  It  does  seem  an  absurdity  that  the  wheels  of  the  whole  railroad 
system  of  the  country,  the  very  vertebras  and  arteries  of  trade  and  the 
life  of  the  nation,  can  at  this  time  be  suddenly  stopped  upon  the  simple 
dispute  between  men  and  one  oiEficer  as  to  whether  two  or  three 
men  are  necessary  upon  a  freight  train,  or  upon  the  question  of  the 
discharge  of  one  man.  Is  it  possible  that  the  whole  trade  and  prosperity 
of  this  country  may  be  paralyzed  in  a  moment  upon  the  dictum  of  one 
man,  or  set  of  men?  This  is  virtually  possible  this  day.  By  what  miser- 
able combination  of  circumstances  has  this  come  about  ?  Crimes  of  the 
most  fearful  kind  have  been  committed  in  the  past  and  are  now  being 
committed  daily,  crimes  which  might  cause  angels  to  shed  floods  of  tears, 
p,nd  yet  they  pass  unnoticed  and  unconsidered  save  as  items  in  a  news- 
paper. 

Bible  readers  may  well  remember  the  almost  complete  annihilation  of 
the  tribe  of  Benjamin  for  the  terrible  brutality  to,  and  murder  of  one 
poor  woman,  whose  body  was  cut  into  twelve  pieces,  and  one  portion  sent 
to  each  tribe.  The  combination  was  the  most  extraordinary  retribution 
for  a  single  outrage,  the  most  brutal  known  to  the  human  race.  We  have 
arrived  at  a  moment  in  the  world's  history  when,  for  the  discharge  of  one 
man,  the  trade  of  a  nation  may  be  paralyzed— a  stupendous  power, 
unheard  of  in  the  history  of  nations  before.  It  should  be  no  more  possi- 
ble for  one  man,  or  set  of  men,  among  the  many  on  railroad  systems,  to 
produce  this  paralysis  of  trade  than  that  the  earth  should  be  loaded  with 
dynamite,  and  that  it  should  be  in  the  power  of  one  man  to  touch  a  but- 
ton, and  by  electricity  blow  the  planet  into  atoms. 

Nothing,  it  would  seem,  but  important  governmental  or  popular  action, 
I  mean  congressional  action,  can  now  bring  peace.  A  commission  should 
be  formed  at  once  to  take  up  and  adjudicate  every  strike  and  decide 
every  great  dispute  between  railroad  officials  and  men  on  the  spot.  If 
we  had  this  to-day,  we  should  not  have  a  district  paralyzed.  But  this, 
with  the  Inter-State  Commerce  bill,  is  but  a  forerunner  of  the  inevitable, 
the  purchase  of  all  railroads  and  telegraphs  and  the  construction  and 
management  of  them  in  the  future  by  the  government  of  the  people. 

One  thing  is  certain,  any  discipline  not  founded  upon  the   acknowlejg 
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ment  of  the  rights  of  every  man,  however  poor,  to  the  same  freedora  we 
enjoy  ourselves,  and  not  founded  upon  mutual  esteem  and  human  kind- 
ness, can  only  be  maintained  by  force,  and  commercially  will  produce 
less,  and  will  cost  more  and  be  more  fruitful  in  disaster  than  the  disci" 
pline  of  .1  Listice  and  mercy.  Our  profession  is  pre-eminently  one  of  civiliza- 
tion and  Christiauization. 

I  cannot  forbear  to  allude  again  to  a  thought  uttered  long  ago,  which , 
though  seemingly  referring  to  a  tyrannical  rule,  is  the  ancient  prediction 
that  the  Most  Beneficent  "  shall  rule  the  nations  with  a  rod  of  iron."^ 
In  the  beginning  of  great  New  England  enterprises,  a  minister  preached 
a  sermon  in  Boston  on  the  moral  and  Christianizing  influences  of  the 
railroads.  A  president  of  a  projected  railroad,  with  true  Yankee  in- 
genuity, at  once  seized  the  thought  and  had  a  large  number  of  copies  of 
the  sermon  printed  and  scattered  among  the  people,  moving  church 
people  to  consider  the  great  moral  and  Christianizing  influence  of  the 
building  of  the  Western  Railroad  of  Massachusetts,  of  which  he  was  the 
projector.  Let  us  consider  the  great  honor  and  importance  we  tear  as 
workers  in  building  up  a  Christian  kingdom  where  the  princes  and 
priests  are  the  people,  and  the  king  is  the  Lord  himself,  and  let  all  our 
work  be  done  as  unto  Him.  It  would  surpass  the  boldest  flight  to  say 
what  the  continent  shall  be,  but  I  cite  one  among  the  wonderful  predic- 
tions concerning  our  country.  In  1745  the  Marquis  d'Argenson  wrote  r 
*'  A  day  will  come  when  we  will  go  to  a  populous  and  well  regulated  city 
of  California  as  one  will  go  in  the  stage-coach  of  the  city  of  Meaux."^ 
This  was  a  remarkable  prediction,  but  he  could  scarcely  conceive  of  what 
did  take  place  a  short  time  ago.  A  train  left  New  York  and  arrived  in 
San  Francisco  in  83  hours  32  minutes  and  7  seconds.  Forty-seven  years 
ago  I  stood  on  the  deck  of  a  ship  in  the  Golden  Gate  and  saw  the  deer 
and  elk  grazing  on  the  hill  north  of  San  Salito.  Then  in  1842,  when  but 
a  boy.  I  said  to  myself,  "  Here  will  be  some  day  the  great  highway  from 
New  York  to  China."  But  I  did  not  grasp  half  of  that  which  I  now  see 
accomplished  by  the  engineering  spirit  of  the  people.  Four  great  trunk 
lines  from  the  Atlantic  to  the  Pacific,  and  the  distance  of  3,500  miles 
traversed  in  a  little  over  three  days. 

And  yet  the  movement  is  but  in  its  infancy  and  only  a  few  years  will 
pass  till  there  will  be  as  many  trunk  lines  between  the  cities  of  New 
York  and  San  Francisco,  I  might  say  to  Behrings  Straits,  as  there  are 
between  New  York  and  Chicago.  Why  should  I  stop  here  ?  And  why 
may  I  not  say  that  our  old  system  of  reckoning  our  watches  shall  pass 
away  and  old  time  shall  be  no  more?  We  may  hear  the  announcement 
of  the  porters,  "  express  for  Jerusalem,  Ghizeh,  Pekin,  Paris,  London." 
With  new  discoveries  and  devices  we  msiy  surmount  all  difficulties  and 
run  westward  23.000  mdes  in  230  hours.  It  is  entirely  within  bounds  to 
say  that  100  miles  an  hour  may  be  reached  and  that  there  need  be  no 
stops  at  all,  but  that  transfers  of  passengers  will  be  made  by  local  or 
accommodation  trains  running  alongside  of  the  fast  trains. 

A  civil  engineer,  a  personal  friend  of  mine,  has  already  designed  seven 
aerial  ships  and  calculated  every  detail.  These  are  not  mere  balloons, 
but  veritable  ships,  with  machinery  and  all  the  conveniences  of  the 
palace  steamboat  of  the  Mississippi,  or  of  the  grand  ocean  steamships. 
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They  will  take  a  regiment  of  soldiers,  with  their  provisions,  ammunition 
and  park  of  artillery,  with  shots,  shells,  etc.  Only  the  funds  are  needed 
to  carry  on  the  work. 

Doubtless  many  will  at  first  fear  to  take  these  fast  trains  and  air  ships* 
but  they  will  soon  become  accustomed  to  it,  and  they  will  be  preferred 
to  the  slow  60  miles  an  hour  accommodation. 

When  we  shall  have  the  collapsing  of  an  air  ship  or  two,  or  the  derail- 
ment of  a  100-mile  an  hour  train,  we  will  soon  understand  how  to  put 
safety  guards,  and  when  a  false  economy  will  not  be  known,  the  mana- 
gers will  not  be  permitted  to  reduce  the  labor  below  the  danger  point  in 
order  to  declare  a  dividend  on  watered  stocks. 

Disasters  are  great  teachers.  Two  fearful  holocausts  in  this  coun- 
try, one  at  Rio  on  the  Baltimore  &  Ohio,  the  other  at  White 
River  in  Vermont,  and  a  wreck  yet  more  terrible  near  Boston,  teach 
us  many  things,  among  others :  Let  us  not  encourage  our  men 
to  drink  whiskey  by  keeping  open  saloons  at  the  eating  stations 
2d.  Let  us  not  use  tinder  boxes  for  cars,  that  is  sleeping  and 
day  coaches,  varnished  and  painted  to  burn  as  quick  as  celluloid  or 
gun  cotton.  Bd.  Do  not  use  open  fires.  4th.  Do  not  use  explosives  for 
fuel  or  light  on  cars.  5th.  Put  safety  guards  for  re-railing  trains  at  each 
side  of  every  bridge.  6tb.  Do  not  overwork  men.  7th.  Rest  man,  beast 
and  material  one  day  in  seven.  8th.  Be  sober,  be  vigilant.  Some  recent 
disasters  point  plainly  to  the  necessity  of  electric  lighting,  and  heating, 
which  must  occupy  the  highest  talent  of  the  educated  or  natural  en- 
gineer, and  which  presents  a  prolific  field  for  the  talent  of  the  members 
of  this  Club,  especially  those  who  represent  those  branches. 

There  have  been  some  marvelous  changes  in  rolling  stock  on  railroads 
latterly.  The  great  rate  wars  have  forced  engineers  of  every  branch  to 
think.  One  of  the  evolutions  is  that  of  using  a  locomotive  which  should 
overcome  the  disparity  in  grades.  The  high-grade  road  has  already 
required  and  used  a  one  hundred  and  fifteen  ton  locomotive  equipped 
with  tender  ready  for  service.  This  is  the  great  Decapod  of  the  Northern 
Pacific. 

The  bridges  of  ten  years  ago  were  found  too  light  for  the  consolidation 
engines  of  65  tons.  Roads  are  scarcely  equipped  with  the  new  bridges 
to  suit  the  new  engines  when  again  the  engines  are  increased. 

The  freight  10-ton  cars  of  ten  years  ago  are  now  dwarfed  by  the  25-ton 
cars.  These  must  soon  force  the  100  pound  per  yard  steel  rail  into  use. 
Heavier  bridges,  machinery,  rails,  heavier  cars,  are  now  the  order  of  the 
day.  With  this  comes  faster  speed.  Soon  grade  crossings,  either 
over  railroads,  over  streets  or  highways  must  cease.  Our  distin- 
guished  member    and   ex- President,    Charles   Paine,   had    locomotives 

built  which  made  the  run  from  Buffalo  to   New  York,   over  400  miles, 

* 

averaging  over  sixty  miles  per   hour,   including  all  stops.     The  speed 
reached  as  high  as  87  miles  per  hour.     The  most  wonderful  strides  have. 
been  made  in  speed  of  steamships.     The  Eti-uria  has  just  made  her  run 
of  3,128  miles  at  the  rate  of  22  statute  miles  per  hour,  and  a  ship  is  now 
being  built  which  is  to  cross  the  ocean  in  a  little  over  five  days. 

The  great  war  ships  of  Eagland  are  now  made  to  resist  the  penetrat- 
ing power  of  the^ Armstrong  and  Krupp  guns.     When  I  first  entered  a 
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man-of-war  in  1841,  a  64-pounder  weig^hing  6  tons  was  a  monster.  A 
12-pound  charge  of  powder  was  immense.  Now  llo-ton  rifled  guns  with 
a  charge  of  a  ton  of  powder,  and  with  penetration  of  30  inches  iron  at 
half  a  mile  must  soon  be  superseded.  No  sooner  do  we  build  an  impene- 
trable ship  than  a  new  penetrating  gun  or  shot  arises,  and  the  ship  is  but 
a  hulk,  and  it  goes  like  our  locomotives,  rails  and  bridges.  Our  country 
has  quickly  and  wisely  profited  by  the  experiments  of  Europe,  without 
expense  possibly,  though  we  trust  not.  It  is  time  for  us  now  to  make 
something  with  a  larger  bore  than  all  those  mentioned  because  we  have 
the  last  word. 

Some  of  our  engineering  friends  were  rather  surprised  by  my  advanc- 
ing the  idea  that  in  a  short  time  we  would  build  railroad  bridges  half  a 
mile  span.  I  might  fill  a  page  with  similar  possibilities,  but  I  wish  now 
to  mention  that  one  of  our  members  has  already  planned  a  bridge  of 
2,800  feet  in  which  every  detail  is  worked  out,  and  from  my  knowledge 
of  bis  ability  there  is  no  question  whatever  in  my  mind  of  its  complete 
success. 

With  regard  to  the  "  new  Chapin  pneumatic  iron,"  our  worthy  member 
and  distinguished  bridge  engineer,  Gustav  liindenthal,  of  Pittsburgh, 
writes  me  :  "In  the  race  for  producing  cheap  steel  in  large  masses,  the 
production  of  iron  in  large  masses  and  in  a  more  scientific  manner  had 
been  almost  neglected.  The  rotary  puddling  furnace  was  the  only 
attempt  at  improving  puddling,  but  it  was  not  commercially  successful 
in  this  country,  and  little  more  so  in  England  and  on  the  continent.  But 
recently  a  more  rational  and  thoroughly  scientific  and  mechanical  process 
of  producing  wrought  iron  has  been  tried,  and  it  is  in  successful 
operation  now  in  Bethlehem,  Pa.,  steel  works.  Generally  speaking, 
it  consists  in  refining  molten  pig  iron  hj  the  air  blast  in  a 
Bessemer  converter  and  then  transferring  the  charge  to  rotary 
puddling  furnaces,  having  an  iron  ore  lining,  in  which  the  metal  is 
brought  to  '  nature'  in  about  five  minutes.  From  the  rotary,  or  'ball- 
ing' furnace,  the  ball  of  agglutinated  iron  is  taken  to  a  *  Winslow 
squeezer'  and  then  it  is  worked  down  into  muck  bars  in  the  usual  man- 
ner. The  process  can  be  adjusted  to  any  kmd  of  pig  iron,  high  or  low  in 
silicon,  carbon,  sulphur,  or  phosphorus,  and  the  product  will  always  be  a 
dense,  fine  fibrous,  very  ductile  wrought  iron,  with  an  ultimate  strength  of 
60,000  to  70,000  pounds  to  the  square  inch,  30,000  to  40,000  elastic  limit  and 
15  to  25  per  cent,  elongation  in  eight  inches,  and  a  corresponding  reduc- 
tion at  point  of  fracture.  The  quality  of  the  wrought  iron  depends  on 
the  amount  of  work  put  on  it,  but  generally  speaking,  it  can  be  stated, 
that  the  quality  of  the  wrought  iron  produced  by  the  Chapin  process  will 
be  forty  per  cent,  better  than  wrought  iron  prodiced  by  hand  puddling 
from  same  grade  of  pig  iron,  and  the  cost  of  production  will  be  about  bix 
dollars  less  per  ton  than  by  hand  puddling.  It  is  obvious  that  such  fine 
wrought  iron  will  be  found  preferable  to  open  hearth  steel  for  all  struct 
nral  purposes.  The  iron  has  been  tested  already,  but  more  extended 
tests  are  still  going  on." 

I  must  speak  of  another  remarkable  thing.  Three  years  ago,  I  alluded 
to  the  possibilities  of  the  future  in  the  manufacture  of  aluminum  for 
rails  and  bridges  through  the  instrumentality  of  electricity.     The  Cowles 
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Brothers,  sons  of  Edwin  Cowles,  have  discovered  a  new  method  of  mak- 
ing aluminum  bronze,  and  the  great  works  at  Lockport  are  now  turning 
out  a  considerable  body  of  it.  This  has  occurred  within  the  year.  The 
Phoenix  Iron  Company,  of  Germany,  Krupp's  greatest  competitor,  report 
that  enough  of  the  Cowles  aluminum  iron  alloy  added  to  their  basic 
Siemens-Martin  steel  to  make  one-fifth  of  one  per  cent,  of  contained 
aluminum  gives  them  112,000  pounds  tensile  strength  to  the  square  inch, 
with  12.5  per  cent,  elongation.  Tlie  best  results  previously  attained 
with  this  steel  without  aluminum  was  from  96,000  to  98,560  pounds  to 
the  square  inch.  Ijondon  Engineering  says:  "Messrs.  S.  French  and  B.M. 
Plumb,  European  agents  of  the  Cowles  Electric  Smelting  and  Aluminum 
Company,  of  Cleveland,  have  a  forged  bar  of  aluminum  bronze,  con- 
taining 5  per  cent,  of  aluminum,  which  has  broken  in  the  testing 
machine  at  a  strain  of  36  tons  per  square  inch  of  original  section,  and 
with  60  per  cent,  elongation.  (English  tons,  equivalent  to  80,640  pounds.) 
A  bar  of  this  metal  forged,  bent  and  broken  in  company  with  a  similar 
bar  of  Siemens-Martin  basic  steel,  exhibited  characteristics  identical  in 
every  respect  except  color." 

If  time  would  permit,  I  would  gladly  touch  upon  the  many  wonderful 
undertakings  in  our  profession,  but  must  content  myself  with  speaking 
briefly  and  generally  of  that  great  problem  of  interoceanic  communica- 
tion, upon  which  the  eyes  of  the  whole  civilized  world  are  now  fixed. 

THE  PANAMA  CANAL  AND  OTHER  GREAT  CANALS. 

This  great  undertaking  is  not  an  enterprise  of  to-day,  but  it  flashed 
across  the  brains  of  the  bold  navigators  of  the  fifteenth  century  as  they 
stood  upon  the  shred  of  land  that  separated  the  two  oceans.  The  Abbe 
Gregoire  of  France,  nearly  a  century  ago,  made  a  remarkable  prediction 
as  follows:  "The  American  continent,  the  asylum  of  liberty,  is  moving 
towards  an  order  of  things  which  will  be  common  to  the  Antilles,  and  the 
course  of  which  all  the  powers  combined  cannot  arrest."  This  vigorous 
language  is  crowned  by  a  prophecy  of  singular  extent  and  precision, 
when,  after  dwelling  on  the  influences  at  work  to  accelerate  progress, 
he  foretells  the  eminence  of  our  country:  "When  an  energetic  and 
powerful  nation,  to  which  everything  presages  high  destinies,  stretching 
its  arms  upon  the  two  oceans,  Atlantic  and  Pacific,  shall  direct  its 
vessels  from  one  to  the  other  side  by  an  abridged  route — it  may  be  in 
cutting  the  Isthmus  of  Panama;  it  may  be  in  forming  a  canal  com- 
munication, as  has  been  proposed,  by  the  river  St.  John  and  Lake  of 
Michigan — it  will  change  the  face  of  the  commercial  world  and  the 
face  of  empires.  Who  knows  if  America  will  not  then  avenge  outrages 
she  has  received,  and  if  our  old  Europe,  placed  in  the  ranks  of  sub- 
altern power,  will  not  become  a  colony  of  the  New  World  ? "  Thus 
resting  on  the  two  oceans  with  a  canal  between,  so  that  the  early  "  secret 
of  the  strait "  shall  no  longer  exist,  the  American  Republic  will  change 
the  face  of  the  world,  and  perhaps  make  Europe  subaltern.  Some  of 
you  will  remember  the  visit  of  M.  de  Lesseps  to  this  country  in  1879  and 
the  reception  given  to  him  by  the  American  Society  of  Civil  Engineers. 
This  was  just  at  the  beginning  of  the  movement  to  build  the  canal.  At 
that  meeting,  I  asked  M.  de  Lesseps  what  bearing  the  questions  involved 
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in  the  Monroe  doctrine  would  have  finally  upon  the  enterprise.  This 
aroused  his  excited  response,  "  We  might  as  well  have  to  ask  the 
United  States  for  permission  to  build  across  Canada."  Directly  after 
this  interview,  I,  with  a  friend,  met  General  Garfield— it  was  a  year  be- 
fore his  election — and  detailed  the  conversation  to  him  in  order  to  settle 
the  question  between  my  friend  and  myself;  I  saying  that  the  canal 
must  be  controlled  on  this  side  of  the  ocean,  he  taking  the  view  that 
there  was  no  reason  why  France  should  not  control  it.  General  Garfield 
said  emphatically,  **  We  cannot  permit  a  European  power  to  control  the 
isthmus  canal  under  any  circumstances."  How  remarkable  then  is  the 
prediction  of  the  Abbe  Gregoire  nearly  a  century  ago,  before  the  declara- 
tion of  that  doctrine  called  the  Monroe  doctrine  ;  the  advice  and  work 
of  the  great  British  statesman,  Canning  ;  and  here  is  the  casus  belli  of 
the  old  world  against  the  new,  which  will  surely  bring  to  pass  the  fulfill- 
ment of  the  prophecy  of  the  wise  Abbe. 

When  we  see  looming  up  in  the  near  future  the  construction  of  the 
Nicaragua  Canal,  and  the  construction  of  that  other  grand  enterprise  of 
our  deeply  lamented  Eads,  cut  off  as  it  were  while  I  speak,  the  benefactor 
of  the  nation,  we  are  aroused  to  contemplate  the  great  future  of  this  new 
world,  and  the  certainty  of  the  call  of  many  of  the  members  of  this  Club 
to  high  destiny  in  meeting  the  glorious  exigencies  of  the  coming  time. 
I  think  that  I  can  see  Eads  now  as  he  closed  his  eyes  in  bitter  contempla- 
tion of  the  thought  that  he  must  die  and  not  witness  the  fruition  of  his 
great  hope  of  transporting  the  largest  ships  across  the  Isthmus  of 
Tehuantepec.  The  broken  hearted  Columbus  as  he  was  taken  back  in 
chains  to  the  old  world  to  which  he  had  given  a  new,  as  be  lamented  his 
wretched  fate  seemed  to  hear  a  heavenly  voice  saying,  "Oh,  man  of 
little  faith,  thy  name  is  written  on  the  rocks."  The  voice  of  a  grateful 
nation  will  say  to  Eads,  "  Oh,  man  of  faith,  as  long  as  the  great  father  of 
waters,  whom  thou  didst  defend,  and  deepen,  shall  rise  and  pour  its 
streams  from  the  icy  mountains  of  the  North  to  the  Spaniards'  laud  of 
flowers,  so  long  shall  thy  name  be  engraven  on  the  hearts  of  thy  country- 
men." 

It  has  been  the  opinion  of  many  engineers  that  the  Panama  Canal  will 
never  be  finished,  that  the  cost  will  run  up  to  400  or  600  millions  of  dol- 
lars. I  am  not  of  this  opinion.  I  feel  confident  that  it  will  be  finished 
from  ocean  to  ocean  within  a  very  few  years.  I  believe  that  the  Nica- 
ragua Canal  will  also  be  finished  and  make  the  most  beautiful  and  delight- 
ful transit  imaginable  through  a  country  of  unexampled  loveliness, 
through  a  charming  lake  of  pure  water  whose  height  above  the  ocean  is 
the  same  as  the  height  of  Chautauqua  is  above  Lake  Erie,  that  is  742  feet, 
and  the  cost  may  not  exceed  $100,000,000.  I  believe  that  the  Eads  ship  rail- 
way across  the  Isthmus  of  Tehuantepec  is  practicable  and  will  also  be  built. 

Let  us  turn  to  another  prediction  from  Aleman,  the  Mexican  historian  : 
*  Mexico  ivill  he,  without  doubt,  a  land  of  2:)rosperity  from  its  natural 
advantages,  but  it  will  not  be  so  for  the  races  that  now  inhabit  it.  As  it 
seemed  the  destiny  of  the  people  who  established  themselves  therein  at 
different  and  remote  epochs  to  perish  from  the  face  of  it,  having  hardly  a 
memory  of  their  existence  ;  even  as  the  nation  which  built  the  edifices  of 
Palenque,  and  those  ivhich  we  admire  in  the  Peninsula  of  Yucatan,  icas 
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destroyed  unthout  its  being  known  what  it  was,  nor  liow  it  disappeared ; 
even  as  the  Toltecs  perished  by  the  hands  of  barbarous  tribes  coming  from 
the  North,  no  record  of  them  reynaining  but  the  Pyramids  of  Cholidu  and 
Teotihuacan,  and  finally,  even  as  the  ancient  Mexicans  fell  beneath  the 
power  of  the  Spaniards,  the  country  gaining  iniinitely  by  the  change  of 
dominion,  but  its  ancient  masters  being  overthrown,  so.  Likewise,  Us  pres- 
ent inhabitants  shall  be  ruined,  and  hardly  obtain  the  compassion  they 
have  merited,  and  the  Mexican  nation  of  our  days  shall  have  applied  to  it 
ivhat  a  celebrated  Latin  poet  said  of  one  of  the  most  famous  perso7iages 
of  Roman  history,  'Stat  Magni  Nomtnus  Umbra,''  nothing  more  remains 
than  the  shadoio  of  a  name  illustrious  in  another  time.  May  the  Al- 
mighty, in  whose  hands  is  the  fate  of  nations,  and  who,  by  icays  hidden 
from  our  sight,  abases  or  exalts  them,  according  to  the  designs  of 
His  Providence,  be  pleased  to  grant  unto  ours  the  protection  by 
which  He  has  so  often  designed  to  preserve  it  from  the  dan- 
gers to  ivhich  it  has  been  exposed.^'  What  a  remarkable 
prediction  it  is  and  how  plainly  it  points,  and  yet,  althouj^h  it  is  so  plain, 
let  not  the  idea  of  conquest  enter  our  minds.  What  may  be,  and  we  hope 
will  be,  is  that  in  the  future  those  neighbors  of  ours  may  be  sharers  with 
us  in  the  blessings  of  the  strongest  of  all  governments  founded  upon 
mutual  respect  and  esteem,  resulting  from  our  earnest  emulation  to 
work  for  what  is  best  and  wisest  for  the  people  of  the  world. 

While  the  great  network  extends  its  meshes  over  a  redeemed  wilder- 
ness to  the  West,  the  silent,  steady  march  of  the  same  steel  rod  moves 
southward  on  the  great  backbone  of  two  continents,  reaching  out  with 
its  vertebrae  over  port  and  bay  and  river,  until  it  stands  out  on  the 
frowning  promontory  at  the  remotest  regions  of  the  South. 

What  glorious  fields  lie  open  to  your  view  and  to  the  great  possibilities 
of  your  profession  to  the  broadest  signification  of  the  word  "  engineer  !" 

In  building  these  vast  monuments  to  the  skill  of  the  present  age,  let  us 
not  forget  to  notice  in  the  footprints  of  time  the  work  of  a  race  so  long 
vanished  that  it  is  claimed,  and  so  far  accepted  by  some,  that  no  trace 
remains  of  its  origin,  its  language,  or  its  descendants,  whose  ruins  bear  evi- 
dence of  a  knowledge  in  many  respects  greater  than  ours.  Let  us  learn 
to  build  even  wiser  and  better  than  the  forerunners  of  the  Toltecs  and 
Incas  ;  those  who  were  swept  away  by  a  mighty  flood  as  unworthy  of 
rest  upon  the  earth,  ages  before  the  progenitors  of  all  that  we  now  may 
name  had  appeared  upon  the  scene.  The  destiny  which  the  historian 
Aleman  predicts  for  his  own  people  is  that  of  all  of  the  nations  south  to 
the  uttermost  limits  of  the  land. 

With  so  glorious  an  inheritance,  with  so  brilliant  a  future,  with  such 
heavenly  blessing,  may  we  so  apply  our  hearts  unto  wisdom,  so  faithfully 
build  as  unto  Him  who  has  honored  this  people  that  the  prediction  of  the 
Mexican  historian  of  his  own  nation,  that  "nothing  more  remains  than 
the  shadow  of  a  name  illustrious  in  another  time"  may  never  be  fulfilled 
in  ours ;  and  let  his  concluding  prayer  fill  our  hearts :  May  the 
Almighty,  in  whose  hands  is  the  fate  of  nations,  and  who,  by  ways  hidden 
from  our  sight,  abases  or  exalts  them  according  to  the  designs  of  His 
Providence,  be  pleased  to  grant  unto  our  nation  the  protection  by  which 
He  has  so  often  preserved  it  from  the  dangers  to  which  it  has  been 
exposed. 
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BOSTON  SOCIETY  OP  CIVIL  ENGINEERS. 


June  15,  1887: — A  regular  meeting  of  the  Boston  Society  of  Civil  Engineers 
was  held  at  Room  37,  Boston  &  Albany  Railroad  Station,  Boston.  The  meeting 
was  called  to  order  at  7:45  p.  m.,  30  Members  and  three  visitors  present. 

In  the  absence  of  both  President  and  Vice-President,  Prof.  G.  L.  Vose  was 
elected  president  pro  tempore. 

The  record  of  the  last  meeting  was  read  and  approved. 

Messrs.  Nelson  Spofford  and  George  H.  Barrus  were  elected  Members  of  the 
Society. 

The  following  were  proposed  for  membership :  Mr.  Lucian  A.  Taylor,  of 
Worcester,  recommended  by  A.  F.  Noyes  and  A.  S.  Glover;  Mr.  Erastus  "Worth- 
ingtou,  Jr.,  of  Dedham,  recommended  by  G.  F.  Swain  and  Dwight  Porter. 

The  Government  submitted  a  report  recommending  that  the  printing  of  the 
records  of  the  meetings  as  ordered  April  31,  1886.  be  discontinued.  On  motion  of 
Mr.  Manley,  the  recommendation  was  adopted. 

On  motion  of  Mr.  G.  S.  Rice,  it  was  voted  to  omit  the  regular  meetings  of  July 
and  August. 

Announcement  was  made  of  the  death  of  Mr.  George  A.  Parker,  an  Honorary 
Member  of  the  Society,  and  the  Government  was  requested  to  appoint  a  com- 
mittee to  prepare  a  memoir. 

Prof.  Vose  presented  to  the  Society,  on  behalf  of  Mrs .  William  Parker,  a  very 
fine  crayon  portrait  of  her  late  husband .  In  presenting  the  portrait,  Prof.  Vose 
gave  the  following  sketch  of  the  life  of  Mr.  Parker: 

Mr.  William  Parker  was  born  in  Perth  Amboy,  New  Jersey,  July  18,  1807, 
and  was  the  son  of  the  Hon.  James  Parker,  a  prominent  man  in  public  affairs 
in  the  early  part  of  the  century.  At  the  age  of  fifteen  years  he  was  sent  to 
Capt.  Partridge's  Military  Academy,  at  Norwich,  Vermont,  where  he  studied 
civil  engineering  under  the  late  Edwin  F.  Johnson.  After  spending  two  years  at 
this  place  he  commenced  active  work  upon  the  Juniata  Canal.  Later  he  was 
employed  upon  railroad  work  near  Germantown,  where  he  made  the  acquaintance 
of  Wm.  S.  Whitwell,  through  whose  recommendation  he  was  api^ointed  assistant 
engineer  to  Col.  John  M.  Fessenden,  who  was  then  engaged  upon  the  construction 
of  the  Boston  &  Worcester  Railroad,  upon  which  work  he  remained  until  its  com- 
pletion. In  1836  he  was  offered  the  position  of  associate  engineer  upon  the  Eastern 
Railroad,  but  he  declined  this  to  become  chief  engineer  of  the  East  Florida  Railroad. 
He  was  also  at  the  same  time  connected  with  other  works  of  internal  improvement 
in  that  part  of  the  country.  Soon  after,  he  was  appointed  Superintendent  of  the 
Boston  &  Worcester  Railroad,  a  position  which  he  held  for  eleven  years.  For  the 
next  five  years  he  was  Superintendent  of  the  Baltimorw  &  Ohio  Railroad.  He  then 
returned  to  Boston  and  took  the  superintendence  of  the  Boston  &  Lowell  Railroad, 
and  acted  at  the  same  time  as  consulting  engineer  for  various  other  important 
works.  In  1860  he  was  appointed  engineer  and  Superintendent  of  the  Jersey  City 
water-works,  from  which  position  he  was  called,  after  a  few  mouths,  to  the 
general  management  of  the  Panama  Railroad.  Upon  this  work  he  remained  until 
his  death,  in  1868. 

None  of  our  early  engineers  have  left  behind  a  more  enviable  reputation  than 
Wm.  Parker.  He  was  equally  skillful  in  the  construction  and  in  the  management 
of  railroads.    "  He  was,"  says  Mr.  Samuel  Nott,    "  a  model  engineer  and  business 
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man,  and  one  of  the  best  men  I  ever  knew."  No  man  ever  appreciated  more  fully 
the  important  relation  between  the  manager  and  the  subordinate  than  Mr.  Parker 
did.  He  had  wonderful  power  over  men,  which  came  from  a  deep  seated  sentiment 
of  justice  and  fairness  which  guided  all  his  movements.  With  such  a  man 
*'  strikes  "  were  impossible.  He  never  left  a  position  without  receiving  a  forma 
expression  of  good  will  from  all  persons  with  whom  he  had  been  associated.  He 
aimed  at  the  fullest  discharge  of  his  duty  to  employers  and  employed  alike.  His 
death  at  Panama  was  regarded  as  a  oublic  calamity.  "No  life,"  says  one  who 
knew  him  well,  "  touched  his  without  being  made  better  by  the  contact." 

Let  us  hang  his  portrait  upon  our  walls,  and  while  his  face  looks  down  upon  our 
deliberations,  let  us  look  up  to  him,  as  to  one  who  was  faithful  to  every  trust  com- 
mitted to  him,  and  who  was  honest,  loyal,  just  and  true. 

On  motion  of  Mr.  FitzGerald,  the  Secretary  was  directed  to  convey  to  Mrs. 
Parker  the  thanks  and  appreciation  of  the  Society  for  her  valued  gift. 

On  motion  of  Mr.  Manley  it  was  voted :  That  in  printing  a  new  list  of  members 
of  the  Society,  the  class  of  Corresponding  Members  be  omitted. 

Mr.  Edward  S.  Philbrick  read  a  paper  entitled,  "  The  Land  Slide  of  May  1, 
1884,  on  the  Boston  &  Maine  Railroad,  at  Dover,  N.  H." 

A  general  discussion  followed  the  reading  of  the  paper. 

Professor  Vose  described  some  peculiar  designs  of  railroad  bridges  which  had 
-come  to  his  notice,  which  was  followed  by  an  informal  talk  upon  bridges. 

[Acljourned.'\  ,  S.  E.  Tinkham,  Secretary. 


WESTERN  SOCIETY  OF  ENGINEERS. 


June  7,  1887:— The  237th  meeting  was  held  at  8  p.  m.,  President  Artingstall  in 
the  chair. 

The  minutes  of  the  preceding  meeting  were  read  and  approved. 

Application  for  membership  was  received  from  A.  N.  Talbot,  Assistant  Pro- 
fessor of  Mathematics  and  Engineering,  University  of  Illinois,  Champaign,  111. 

Mr.  Parkhurst,  for  Committee  on  Construction,  reported  that  the  Committee 
recommended  that  the  paper  on  Hydraulic  Motion,  by  Mr.  McElroy,  be  published 
in  full,  and  be  discussed  after  publication. 

The  report  was  adopted. 

The  Secretary  presented  a  bill  for  S178  from  The  Railroad  Gazette,  being  the 
May  assessment,  first  call,  for  publication  of  the  Journal  of  the  Association 
OF  Engineering  Societies. 

The  bill  was  ordered  paid. 

A  paper,  by  Mr.  C.  H.  Hudson,  the  Change  of  Gauge  of  Southern  Railroads  in 
1886,  was  read  by  the  Secretary  and  Mr.  Lundie,  and  discussed  by  the  Society. 

[Adjourned.']  L.  P.  Morehouse,  Secretary. 

At  the  next  meeting  papers  are  expected  from  Mr.  Zellweger  and  Mr.  Lundie. 


ENGINEERS'  CLUB  OP  MINNESOTA. 


April  22,  1887  :— Regular  meeting  at  City  Hall,  Minneapolis,  at  7:30  p.  m. 
Members  present.  President  Sublette,  Messrs.  Riggs,  W.  W.  Redfield,  Deterly, 
Houston  and  Pardee. 

As  a  report  of  Committee  on  Lil^rary,  Mr.  Redfield  stated  that  after  having 
communicated  with  Secretary  Prout,  it  was  found  that  the  association  Journal 
could  be  procured  from  the  beginning  at  a  reasonable  cost.  The  Club  accepted  an 
offer  from  Mr.  Redfield  donating  $7.  to  be  used  in  procui'ing  back  numbers  of  the 
Journal,  the  balance  of  money  needed  to  be  furnished  by  the  Club.    The  Club 
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also  accepted  Mr.  Houston's  donation  of  a  year's  subscription  to  Engineering,  and 
voted  thanks  to  each  gentleman  for  the  donation. 

On  motion  Messrs.  Houston  and  Pardee  were  appointed  a  committee  to  look  up 
delinquent  Members  and  report  at  next  meeting. 

A  motion  was  made  to  alter  the  Constitution  of  the  Club  and  was  laid  over  till  a 
future  meeting.     The  discussion  of  "Wire  Rope  was  again  deferred. 

lAdjourned.']  Walter  S.  Pardee,  Secretary. 


May  13.  1887  :— Regular  meeting  7:30  P.  M.  Members  present,  Mr.  President, 
Messrs.  Sturtevant,  Wm.  W.  and  C.  L.  Redfield,  Riggs,  Cappelen  and  W.  S. 
Pardee. 

Minutes  of  last  meeting  were  read  and  approved.  The  Committeee  on  New 
York  Harbor  and  also  on  Dehnquent  Members  made  no  report. 

Messrs.  James  Rigby,  J.  E.  Turner  and  T.  Crary  were  elected  to  membership. 

The  minutes  of  the  meeting  of  Board  of  Association  Managers  held  at  Chicago, 
111.,  April  15,  1887,  were  read,  and  on  motion  the  Club  authorized  the  Board  to 
call  a  convention  of  delegates  for  the  purposes  set  forth  in  their  recent  communi- 
cation. 

Several  members  took  part  in  the  discussion  for  the  evening  on  Wire  Ropes. 

Mr.  J.  E.  Snyder's  name  was  proposed  for  membership. 
ntThe  President  promised  a  paper  on   Land  Subdivision,  to  be  read  at  an  early 
date,  and  urged  the  Members  to  bring  reports  of  their  daily  work. 

\_Adjourned.'\  Walter  S.  Pardee,  Secretary. 


June  10,  1887: — Regular  meeting  Civil  Engineers'  Club  of  Minnesota,  City 
Hall,  7:30  P.  M.  Members  present,  the  President,  and  Messrs.  Houston,  Deterly, 
Wm.  W.  and  C.  L.  Redfield,  Cappelen,  Rigby,  Riggs,  De  Le  Barre  and  W.  S.  Par- 
dee. 

The  Librarian  leported  the  receipt  of  the  latest  edition  of  Trautwine's  Engineers' 
Pocket  Book;  the  Club  voted  thanks  and  notice  sent  to  Mr.  Tj-autwine. 

The  chairman  of  Committee  on  Delinquent  Members  reported  sundry  dues  col- 
lected. 

The  club  took  action  on  the  remainder  of  the  delinquent  list,  and  revised  the 
whole  list  of  members,  and  ordered  50  copies  printed  for  distribution. 

On  motion,  500  postals  were  ordered  printed. 

On  motion,  the  President  appointed  Messrs.  De  Le  Barre,  Pike  and  Newman  a 
committee  to  revise  the  Constitution. 

Messrs.  J.  E.  Snyder  and  A.  W.  Burnham  were  proposed  for  membership. 

The  programme  of  literary  exercises  was  the  Polytechnics  of  Europe,  by  F.  W. 
Cappelen.  Beginning  with  an  enumeration  of  European  scientific  school*,  he  spoke 
of  the  Dresden  institution  and  its  departments,  the  students  of  which  in  the  physi- 
cal department  are  obliged  to  be  well  informed  in  the  common  grade  ot  knowledge 
before  they  can  enter  the  college.  The  civil  engineers'  course  is  completed  in 
five  years.  At  the  end  of  the  first  two  years  occurs  the  first  examina- 
tion, and  at  the  end  of  the  next  two  the  second  examination.  Both 
examinations  are  rigid,  and  the  amount  of  work  required  throughout 
the  whole  course  is  very  large,  and  few,  if  any,  students  are  able 
to  do  all  the  work  so  as  to  be  certain  of  being  informed  on  all  the  work 
gone  over.  The  manner  of  study  is  optional,  the  examination  being  the  actual 
test  of  the  amount  of  work  done.  The  talk  was  well  illustrated  by  careful  draw- 
ings. 

On  motion  the  President  appointed  Messrs.  Rinker,  Cooley  and  Van  Duzee  a 
committee  to  draft  resolutions  relative  to  the  death  of  Franklin  Cook,  and  the 
Secretary  was  ordered  to  send  an  engrossed  copy  to  the  relatives  of  the  deceased. 

lAdjourned.'\  Walter  S.  Pardee,  Secretary. 
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June  24,  1887: — Special  meeting  of  the  Engineers'  Club  of  Minnesota ,  7 :30 
p.  M.,  City  Hall.  Members  present,  President  Sublette,  and  Messrs.  Houston, 
Wm.  W.  and  C  L.  Redfield,  Cappelen,  Pardee. 

Minutes  of  the  last  meeting  read  and  approved. 

The  Secretary  read  the  obituary  prepared  by  the  Committee  relative  to  the 
death  of  Franklin  Cook,  and  on  motion  the  Secretary  was  instructed  to  send  a 
copy  to  the  members  of  the  bereaved  family,  and  also  to  the  Journal  of  the  As- 
sociation. 

The  Secretary  read  an  invitation  from  the  American  Society  of  Civil  Engi- 
neers to  attend  the  annual  convention,  and  the  Club  appointed  President  Geo.  W^ 
Sublette  a  delegate  to  attend  the  same— the  expenses  of  the  delegate  to  be  borne 
by  the  Club. 

The  President  stated  that  one  object  of  this  meeting  was  to  consider  the  feasi- 
bility of  having  an  excursion.  On  motion  of  Mr,  Houston  a  joint  committee  was 
appointed  to  assist  the  Secretary  in  finding  the  wishes  of  the  Members  regarding 
the  proposed  excursion,  and  also  of  the  St.  Paul  Club. 

The  President  appointed  on  the  first  committee  Messrs.  W.  W.  and  C.  L.  Red- 
field,  and  on  the  second,  Messrs.  Houston  and  Cappelen. 

On  motion  the  President  appointed  Messrs.  Cappelen,  Pike,  Houston,  Redfield, 
Pardee  a  standing  committee  on  Tests  of  Materials,  to  confer  with  the  State  Uni- 
versity authorities  with  reference  to  a  series  of  tepts  of  local  materials,  to  be  con- 
ducted with  a  view  of  correcting  the  tables  on  strength  of  materials. 

lAdjourned.l  Walter  S.  Pardee,  Secretary. 


OBITUARY — franklin   COOK,  LATE   MEMBER  OF  THE  ENGINEERS'   CLUB   OP 

MINNESOTA. 

Whereas,  It  has  pleased  the  Supreme  Power  to  take  from  us  our  friend  and 
associate  Franklin  Cook,  a  man  endeared  to  his  fellow  men  by  his  courteous  and 
gentlemanly  bearing,  his  integrity,  his  honorable  life,  his  manliness,  and  his 
uprightness  of  conduct  ;  and, 

Whereas,  We  feel  that  we  have  sustained  a  loss  which  our  profession  cannot 
replace  to  us,  the  loss  of  one  who  to  all  was  an  honest  friend  and  true  counsellor, 
a  faithful  adviser,  and  one  whose  memory  shall  not  be  forgotten  in  the  coming 
years,  when  we  seek  the  counsel  and  advice  of  others  in  our  profession  ;  and, 

Whereas,  Our  grief  over  the  loss  of  one  to  whom  no  honest  appeal  was  ever  vainly 
made  can  only  serve  to  remind  us  still  more  of  the  loss  of  a  dear  friend  and  hon- 
ored associate  ;  therefore. 

Resolved,  That  we,  the  Members  of  the  Engineers'  Club  of  Minnesota,  do,  with 
humbled  hearts,  bow  to  the  dictates  of  that  Supreme  Will  which,  in  its  wisdom, 
has  taken  from  us  a  friend  and  Member  whom  we  all  delighted  to  hraor,  and 
whose  friendship  was  a  source  of  profit  to  all  who  in  daily  life  had  need  of  him  in 
private  or  professional  business  ;  and  be  it  further 

Resolved,  That  we  do  hereby  extend  to  his  bereaved  family  our  warm  sympathy 
in  this  their  hour  of  trial,  and  assure  them  of  our  kindest  thoughts  and  wishes  that 
their  future  shall  know  no  other  sorrow,  and  the  darkness  of  the  clouds  that  now 
shadow  their  home  may  be  brightened  by  the  thought  that  their  loved  one  has 
only  gone  before  to  make  more  bright  and  happy  the  reunion  of  loved  and  loving 
ones  beyond  the  grave. 

Resolved,  Further,  that  a  copy  of  these  resolutions  be  suitably  prepared  and  pre- 
sented to  the  family  of  our  late  associate. ;  Signed, 

Geo.  W.  Cooley, 

W,  D.  Van  Duzee,  }^  Committee. 

Andrew  Rinker. 
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ENGINEERS'  CLUB  OF  KANSAS  CITY. 


June  6,  1887: — Regular  meeting,  Mr.  Octave  Chanute  in  the  chair.  Those 
present  were  :  Messrs.  O.  Chanute,  E.  W.  Grant,  C.  M.  Duncan,  R.  C.  Simons, 
•O.  Sonne,  G.  W.  Pearsons,  C.  E.  Taylor,  J.  A.  L.  Waddell,  A.  J.  Mason,  Wm. 
JS'orris,  B.  L,  Marsteller,  R.  C  Pearsons,  Kenneth  Allen  and  two  -visitors. 

Record  of  previous  meeting  read  and  approved. 

Ballots  counted  and  the  following  elected  : 

For  Member  :  George  P.  N.  Sadler,  Principal  Assistant  Engineer  Missouri  Val- 
ley Bridge  and  Iron  Works,  Leavenworth,  Kan. 

For  Associate  Members  :  Clarence  A.  Burton,  Assistant  Engineer  Kansas  City 
Cable  Railway  Company,  Kansas  City,  Mo. ;  Charles  G.  Wade,  Assistant  Engi- 
neer Kansas  City  Cable  Railway  Company,  Kansas  City,  Mo.  Twenty-two  ballots 
cast. 

A  letter  from  Mr.  George  R.  Bauens,  resigning  his  position  as  Member,  was  read 
and  accepted. 

A  letter  from  John  C.  Eisenmann,  Secretary  of  the  Executive  Board  of  the 
Council  of  Engineering  Societies  on  National  Public  Works,  was  read,  soliciting 
co-operation  of  the  Club,  but  action  in  regard  to  it  was  deferred. 

Mr.  J.  A.  L.  Waddell  presented,  for  Mr.  John  C.  Trautwine,  Jr.,  a  copy  of  the 
last  edition  of  Trautwine's  Pocket  Book.  On  motion  of  G.  W.  Pearsons,  it  was 
voted  to  extend  thanks  of  the  Club  to  Mr.  Trautwine  for  his  gift. 

On  motion  of  Mr.  Waddell,  it  was  voted  to  devote  the  next  regular  meeting  of 
the  Club  to  a  discussion  of  the  24-Hour  System. 

On  motion  of  Mr.  Mason  it  was  voted  to  ask  Mr.  H.  C.  Pearsons  to  read  a  paper 
before  the  Club  on  the  above  subject  at  the  next  regular  meeting. 

The  paper  of  the  evening  was  then  read  by  Mr.  A.  J.  Mason — Railroad  Engineer- 
ing in  Australia,  The  characteristic  features  of  the  country,  and  their  influence, 
as  well  as  that  of  the  government,  on  the  location  and  construction  of  railroad 
lines  was  considered,  and  the  opening  for  American  engineers  suggested.  The 
paper  was  well  discussed. 

I  Adjourned.']  Kenneth  Allen,  Secretary. 


[Published  in  the  Journal  by  permission  of  the  Board  of  Managers  of  the  Association.] 
COUNCIL  OF  ENGINEERING  SOCIETIES. 

OFFICIAL  MINUTES  OF  A  MEETING  OF  THE  EXECUTIVE  BOARD. 

Cleveland,  O.,  June  20,  1887  :— Meeting  called  to  order  by  President  Cooley 
at  10  A.  M. 

Present,  Messrs.  L.  E.  Cooley,  E.  L.  Corthell  (vice  L,  M,  Haupt),  Augustus 
Kurth  and  John  Eisenmann.  Absent,  Messrs.  Louis  J.  Barbot,  J.  B.  Davis  and 
R.  E.  McMath. 

The  following  business  was  transacted  . 

At  the  request  of  Professor  Haupt  and  the  Engineer's  Club  of  Philadelphia,  the 
name  of  E.  L.  Corthell  was  substituted  for  that  of  Professor  Haupt. 

The  resignation  of  R.  E.  McMath  was  read  and  accepted,  and  Chas.  F.  Loweth, 
of  St.  Paul,  was  elected  to  fill  the  vacancy. 

Mr.  Loweth  was  appointed  to  take  charge  of  the  Committee  of  Public  Works  in 
Great  Britain  and  Canada, 

The  Committee  "  to  collect  and  digest  all  information  on  Public  Works  Systems, 
etc,"  was  reorganized  and  constituted  as  follows  :  Messrs.  Cooley,  Corthell  and 
Eisenmann, 

The  Secretary  was  authorized  to  expend,  not  to  exceed  $200,  to  secure  assistance 
in  the  compilation  of  reports. 

A  vote  of  thanks  was  passed  to  the  Board  of  Managers  of  the  Association  of 
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Engineering  Societies  for  privilege  of  publication  of  proceedings  of  the  Council  of 

Engineering  Societies,  and  their  proposition  accepted. 

The  Secretary  and  Treasurer  read  the  following  report: 

Bills  payable  on  March  30th,  1886 S'J66.58 

Liabilities  incurred  up  to  June  20tb,  1887,  for  stationery,  printing,  postage  and 
expre-isage —   141.20 

Total  indebtedness $407.78 

Cash  received  from  various  sources  up  to  date,  including  Civil  Engineers' Club 
of  Cleveland;  Cornell  University  Association  of  rirvil  Engineers;  Engineers' 
Club  of  Pniladelphia;  Engineers'  Club  of  St.  Louis:  Iowa  Society  of  Civil 
Engineers: ■  Ohio  Society  of  Surveyors  and  Civil  Engineers;  Technischer 
Verein  of  New  York,  and  the  TechnischerVerein  of  Chicago 402.40' 

Balance  less  cash  in  treasury ...  $5.38 

In  addition  to  the  above  the  Secretary  and  Treasurer  is  advised  that  several 
other  societies  have  collected  amounts  aggregating  about  .$130,  which  are  at  the 
disposal  of  the  Board . 

Beport  approved  and  placed  on  file,  and  the  Secretary  was  instructed  to  cancel 
all  outstanding  liabilities  as  fast  as  bills  were  presented,  and  report  disbursements 
at  the  next  meeting. 

Reports  of  sub-committees,  Barbot,  Haupt  and  Kurth,  were  received,  and  com- 
mittees thanked  for  their  labors,  and  reports  referred  to  the  General  Committee. 
It  was  resolved  that  the  reports  of  all  the  sub-committees  be  referred  to  the  Gen- 
eral Committee  for  final  digestion  and  compilation,  the  results  of  their  labors  to 
be  presented  at  a  meeting  of  the  Executive  Board,  to  be  held  in  the  Fall  for  final 
consideration,  and  such  action  as  may  then  seem  expedient. 

The  following  named  past  delegates  and  engineers  were  declared  Associate 
Members : 

Archibald,  James,  Chief  Engineer  D.  L.  &  W.  R.  R.,  Scranton,  Pa. 

Bergen,  Van  Brunt,  First  Assistant  Engineer  Board  of  City  Works,  Brooklyn, 
N.  Y. 

Budell,  Max  C,  Germania  Life  Insurance  Co.,  New  York. 

Barnes,  O.  W.,  Aqueduct  Commission,  New  York  City. 

Chaplin,  Prof.  Winfield  S.,  16  Prescott  street,  Boston,  Mass. 

Douglass,  Col.  H.  T.,  Chief  Engineer  B.  &  O.  R.  R.,  Baltimore,  Md. 

Francis,  James  B..  Consulting  Engineer,  Locks  and  Canals,  Lowell,  Mass. 

Field,  Geo.  S.,  Union  Bridge  Co.,  No.  1  Broadway,  New  York. 

Gospel,  Paul,  Stewart  Building,  New  York. 

Grey,  Samuel  M.,  City  Engineer,  Providence,  R.  I. 

Hausner,  E.  L.,  Cor.  Beach  and  Taylor  streets,  Chicago,  111. 

Hardaway.  Prof.  R.  E.,  Tuscalv^osa, Miss. 

Kandeler,  C.  F.  T.,  215  Ohio  street,  Chicago,  111. 

Murphy,  Howard,  523  Chestnut  street,  Philadelphia, Pa. 

Merriweather,  Niles,  City  Engineer.  Memphis,  Tenn. 

Marx,  Prof.  C.  D.,  Cornell  University,  Ithaca,  N.  Y. 

Nelles,  Geo.  T.,  City  Engineer,  Leavenworth,  Kan. 

Noble,  Alfred,  High  Bridge,  New  York. 

Potter,  A.  S.,  Omaha,  Nebraska. 

Sweet,  Elnathan,  State  Engineer  New  York,  Albany. 

Smith,  Frederick,  Baltimore,  Md. 

Smith,  Gen.  TV.  F.,  New  York  City. 

Swan,  Chas.  S.,  Boston,  Mass. 

Van  Buren,  Robert,  Chief  Engineer  Board  of  City  Works,  Brooklyn,  N.  Y. 

Williams,  Benezette,  171  La  Salle  street,  Chicago,  111. 

Williams,  J.  J.,  Jackson,  Tenn. 

Whittemore,  D.  J.,  Chief  Engineer  Mil.  &  St.  Paul  R.  R.,  Milwaukee,  Wis. 

Wright,  A.  AV.,  Chicago,  111. 

Wilson,  John  M.,  Philadelphia,  Pa. 
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The  Board  adjourned  at  4  P.  m.,  after  continuous  session,  subject  to  call  of  the 
President. 


ADDRESS     FROM    THE    EXECUTIVE     BOARD     OP    THE    COUNCIL    OF    ENGINEERING 

SOCIETIES. 

The  Executive  Board  finds  such  a  growing  sentiment  in  favor  of  a  broad  and 
general  consideration  of  the  question  of  the  policy  to  be  pursued  toward  the  public 
works  of  the  country,  both  in  the  legislative  and  executive  features,  that  it  feels 
renewed  encouragement  in  continuing  its  labors. 

The  various  societies  are  expected  to  continue  their  committees,  and  be  ready  to 
consider  i,ny  matter  that  maybe  laid  before  them;  meantime  any  work  which 
these  committees  can  do,  or  any  suggestions  and  results  which  they  may  lay 
before  the  Executive  Board,  will  promote  the  general  objects  of  this  organization. 

A  cordial  invitation  is  extended  to  all  societies,  not  now  represented  in  the 
Council,  to  appoint  Committees  on  National  Public  Works.  The  Secretary  will 
publish  all  necessary  infonnation. 

Signed,  L.  E.  Cooley,  Pres. 

John  Eisenmann,  Sec.  and  Treas. 


Editors  reprinting  articles  from  this  journal  a>  e 
requested  to  credit  both  the  Journal  and  the 
Soctety  before  which  such  articles  were  read. 


ASSOCIATION  OF  ENGINEERING  SOCIETIES. 


OKGANIZED     1881. 


"Vol-  "VI-  -A.-i3.g\iStJ3    1887.  3Sro-  8. 

This  Association,  as  a  body,  is  not  responsible  for  the  subject  matter  of  any  Society,  or 
-j_x         ,/„  n^  ^-riV.i-i'niio  /->/■  nn/ii  nf  its  members. 


JOURNAL  OF  THE  ASSOCIATION  OF  ENGINEERING  SOCIETIES. 


Corrigendum  to  Volume  VI.,  page  265,  line  16  from  bottom: 
for  28  degrees  read  82  degrees. 


have  been  found  near  by  and  appear  lo  cross  tlie  railroaOnmeTreany  at 
right  angles. 

There  can  be  little  doubt  but  that  the  material  for  the  whole  length  of 
the  tunnel  will  be  rock  ;  but  a  portion,  say  from  10  to  40  per  cent.,  may 
possibly  require  lining. 

Two  small  valleys  meet  about  500  feet  from  the  south  portal  and  about 

125  feet  above  grade  ;  down  one  of  which  flows  a  stream  which  may, 

perhaps,  supply  five  or  six  cubic  feet  of  water  per  minute.     The  grades 

are  arranged,  however,  to  make  the  tunnel  self  draining, and  hence  no 

serious  trouble  is  apprehended  from  that  source. 

The  problem  now  is,  how  is  this  tunnel  to  be  built  to  insure  its  comple- 
tion in  fourteen  months. 

In  case  much  longer  time  is  required,  it  will  be  necessary  to  construct 
an  overhead  line  with  a  four  per  cent,  grade,  at  a  cost  of  $40,000  to 
$50,000.    Experience  in  the  Mullan  and  Bozeman  tunnels  in  this  vicinity, 
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The  Board  adjourned  at  4  p.  m.,  after  continuous  session,  subject  to  call  of  the 
President. 


ADDRESS    FROM    THE    EXECUTIVE     BOARD     OF    THE    COUNCIL    OF    ENGINEERING 

SOCIETIES. 

The  Executive  Board  finds  such  a  growing  sentiment  in  favor  of  a  broad  and 
general  consideration  of  the  question  of  the  policy  to  be  pursued  toward  the  public 
■works  of  the  country,  both  in  the  legislative  and  executive  features,  that  it  feels 
renewed  encouragement  in  continuing  its  labors. 

The  various  societies  are  expected  to  continue  their  committees,  and  be  ready  to 
consider  i,ny  matter  that  maybe  laid  before  them;  meantime  any  work  which 
these  committees  can  do,  or  any  suggestions  and  results  which  they  may  lay 
before  the  Executive  Board,  will  promote  the  general  objects  of  this  organization. 

A  cordial  invitation  is  extended  to  all  societies,  not  now  represented  in  the 
Council,  to  appoint  Committees  on  National  Public  Works.  The  Secretary  will 
publish  all  necessary  information. 

Signed,  L.  E.  Cooley,  Pres. 

John  Eisenmann,  Sec.  and  Treas. 


Editors  reprinting  articles  from  this  journal  a?  e 
requested  to  credit  both  the  Journal  and  the 
Society  before   ivhich  such  articles  were  read. 


ASSOCIATION  OF  ENGINEEEIN&  SOCIETIES. 


ORGANIZED     1881. 


"VoX-  "VI_  -A.-cLgaiSt;,    1887.  3Nro_  8- 

This  Association,  as  a  body,  is  not  responsible  for  the  subject  matter  of  any  Society,  or 
for  statements  or  opinions  of  any  of  its  members. 

TUNNELING  IN  MONTANA. 


By  J.  T.  Dodge,  Member  of  the  Western  Society  of  Engineers. 
[Read  April  5,1887.] 


The  route  of  the  Montana  Central  Railway,  between  Helena  and  Butte, 
crosses  the  divide  between  the  valleys  of  the  Prickly  Pear  and  the 
Boulder,  at  an  altitude  of  about  5.450  feet,  the  surface  being  about  6,200 
feet  above  the  sea.  This  will  require  a  tunnel  about  6,170  feet  in  length. 
As  in  all  such  cases,  it  is  of  great  importance  to  build  it  in  the  shortest 
possible  time. 

The  outcroppings  of  rock  in  the  immediate  vicinity  of  the  south  portal 
are  granite,  and  the  numerous  excavations  made  near  by  indicate  that  at 
a  depth  of  25  feet  to  40  feet  the  rock  will  be  self-supporting.  The  moun- 
tain is  entirely  covered  with  grass,  and  devoid  of  timber.  The  surface  is 
smoothly  rounded  and  shows  some  small  outcrop  pings  of  trap  rock  on 
the  slightly  elevated  peaks.  Some  veins  of  low-grade  lead  and  silver  ore 
have  been  found  near  by  and  appear  to  cross  the  railroad  line  nearly  at 
right  angles. 

There  can  be  little  doubt  but  that  the  material  for  the  whole  length  of 
the  tunnel  will  be  rock  ;  but  a  portion,  say  from  10  to  40  per  cent.,  may 
possibly  require  lining. 

Two  small  valleys  meet  about  500  feet  from  the  south  portal  and  about 

125  feet  above  grade  ;  down  one  of  which  flows  a  stream  which  may, 

perhaps,  supply  five  or  six  cubic  feet  of  water  per  minute.     The  grades 

are  arranged,  however,  to  make  the  tunnel  self  draining, and  hence  no 

serious  trouble  is  apprehended  from  that  source. 

The  problem  now  is,  how  is  this  tunnel  to  be  built  to  insure  its  comple- 
tion in  fourteen  months. 

In  case  much  longer  time  is  required,  it  will  be  necessary  to  construct 
an  overhead  line  with  a  four  per  cent,  grade,  at  a  cost  of  $40,000  to 
.$50,000.    Experience  in  the  MuUan  and  Bozeman  tunnels  in  this  vicinity, 
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hows  that  it  is  very  diflScult  to  drive  a  full-size,  single  track  tunnel,  with 
tmple  machinery  and  high  explosives  in  good  ground,  more  than  7  feet 
per  day  for  a  series  of  months.  To  drive  a  tunnel  at  that  speed  requires 
about  75  yards  of  rock  to  be  broken  and  shoveled  per  day.  Nearly 
that  amount  was  handled  at  the  Bozeman  tunnel  for  three  consecutive 
months.  By  recent  reports  of  the  Croton  Aqueduct,  it  would  seem  that 
about  80  cubic  yards  of  rock  have  been  broken  and  shoveled  there  per 
day  under  the  stimulus  of  a  prize.  Experience  at  the  Arlberg  tunnel 
shows  that  a  heading,  8  feet  high  by  9  feet  wide,  can  be  driven,  in  good 
ground,  an  average  of  over  17  feet  per  day  for  a  year  together,  and 
that  in  ground  where  almost  constant  timbering  was  required  the  worst 
progress  made,  for  a  year  together,  was  3,466  feet,  or  9.5  feet  per  day. 
The  highest  day's  progress  on  record  there  was  26  feet,  which  would 
require  about  75  cubic  yards  of  rock  to  be  broken  and  shoveled,  in  a 
space  9  feet  wide,  while  a  progress  of  17  feet  would  require  about  50 
cubic  yards. 

Now,  if  75  cubic  yards  of  rock  have  been  broken  and  shoveled  at  a  face 
9  feet  wide,  it  would  seem  quite  practicable  to  break  and  shovel  a  like 
amount  at  a  face  16  feet  wide. 

When  Mullan  tunnel,  which  was  entirely  in  granite  of  which  60 
per  cent,  was  so  hard  as  to  be  self-supporting,  was  driven  at  the  rate 
of  4^  feet  per  day,  exact  observations  made  for  seven  days  showed  that 
three  Eclipse  drills,  3f-inch  cylinders,  did  not  run  over  one-third  the 
time.  When  the  same  tunnel  was  driven  7  feet  per  day  the  same  drills 
were  amply  sufficient  tor  the  work,  and  though  no  exact  records  were 
kept  in  the  latter  case,  it  is  highly  improbable  that  they  ran  much  more 
than  half  the  time,  and  there  is  little  doubt  that  they  would  have  been 
sufficient  to  break  75  yards  in  a  heading  8  feet  by  16  feet,  which  would 
give  an  advance  of  over  14  feet  per  day.  If  now  it  is  conceded  that  a 
heading  can  be  driven  14  feet  per  day,  the  next  question  is,  can  the  en- 
largement be  made  to  keep  pace  with  it?  Experience  at  the  Arlberg 
answers  tins  question  in  the  affirmative,  not  only  in  good  ground  but 
in  bad.  The  same  methods  ought  to  give  a  like  result.  The  question, 
however,  is  raised  whether,  in  good  ground,  a  simple  method  may  not 
be  more  economical  and  equally  efficient. 

The  accompanying  diagram  shows  an  arrangement  for  driving  a  head- 
ing of  the  full  width  of  the  tunnel  and  of  a  convenient  height,  say  8  feet, 
laying  the  track  close  to  one  side,  with  a  ventilating  duct,  a  compressed 
air  pipe  and  a  water  pipe,  directly  below  the  track  and  all  protected  by 
a  substantial  timbering  and  lagging,  sufficiently  strong  to  withstand  the 
pressure  of  the  rock  to  be  stoped  down  from  above. 

The  number  of  working  points  for  enlargement  can  be  increased  at 
pleasure.  The  only  waste  of  labor  or  material  required  is  in  keeping  up  the 
timber  protection  of  the  main  track,  but  that  timber  can  be  used  over  and 
over.  Faith  in  a  bottom  heading  was  the  foundation  of  the  triumphant 
success  achieved  at  the  Arlberg,  and  the  query  is  respectfully  propounded 
to  this  Society,  whether  there  is  not  good  grounds  for  hoping  that  in  these 
United  States  we  may  yet  approximate,  more  nearly  than  has  yet  been 
done,  to  the  achievements  in  tunneling  of  our  brethren  across  the 
Atlantic. 
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DRAINING  AND  FILLING  WATER  MAINS. 


By  S.  Bent  Russell,  Member  Engineers'  Club  of  St.  Louis. 
(Read  April  6,   1387.) 


"Whenever  a  water  main  is  extended  or  a  new  main  laid  connecting 
■with  the  pipes  already  in  service,  it  becomes  necessary  to  empty  the  old 
main.  In  case  of  repairs,  also,  it  often  is  necessary  to  draw  off  the  water. 
In  large  and  growing  cities  these  cases  are  of  such  frequent  occurrence  as 
to  demand  due  consideration  in  planning  the  water  pipe  system  and  its 
extensions. 

During  the  past  year,  for  example,  there  were  621  "  shut  ofis"  made  in 
this  city*  for  various  purposes. 

Large  mains  can  generally  be  spared  from  service  but  a  few  hours  at 
most,  and  that  only  at  considerable  risk.  In  such  cases  it  is  of  the 
greatest  importance  that  we  make  such  arrangement  as  to  permit  us, 
without  fear  of  accident  or  delay,  to  drain  the  pipes,  make  the  required 
connection  or  repairs  and  fill  the  pipes  again  ready  for  service  in  the 
shortest  possible  time. 

That  this  may  be  done,  the  first  requisite  is  a  dry  point  of  operations. 
A  small  stream  of  water  from  a  leaky  stop-valve  will  greatly  delay  the 
work,  necessitating  more  or  less  men  constantly  at  the  hand  pump  or 
baling  buckets,  and  perhaps  causing  caving  in  of  the  trench  banks  or 
blowing  hot  lead  out  of  the  joints  with  the  steam  produced.  Even  tight 
v^alves  will  not  be  satisfying  if  we  have  to  wait  while  the  pipe  is  being 
pumped  out  before  commencing  the  work  proper,  and  then  proceed 
with  setting  the  pipes  or  castings  in  a  hole  lined  with  soft  and  sticky 
mud  ankle  deep.  The  pipe  should,  whenever  possible,  be  emptied  at 
some  point  removed  from  the  locus  of  the  desired  repairs  or  connection. 

The  best  arrangement  for  discharging  the  water  from  the  main  is  a 
blow-off  valve  at  each  low  point  in  the  main  emptying  into  a  sewer 
below. 

It  may  be  well  to  say  in  passing  that  the  blow-off  pipe  should  be  so 
arranged  that  the  stream  of  water  from  it  can  be  seen  and  thus  leaks 
may  be  detected  and  the  condition  of  the  stop  valves  during  a  "  shut- 
off  "  may  be  observed.  It  may  also  be  remarked  that  a  blow-off  valve 
should  be  of  the  best  possible  construction  for  durability  and  tightness 
80  that  after  being  left  without  opening  for  twenty  years  it  will  work  as 
perfectly  as  when  new.f 

Where  sewers  are  not  available,  if  the  streets  have  sufficient  fall  to 
them,  a  large  part  of  the  water  in  a  "  shut  off  "  may  be  discharged  at 
the  street  surface.  Where  this  is  done,  when  it  becomes  necessary  to 
drain  the  whole  "shut  off"  the  adjoining  "shut  off"  below  must  be 
made,  and  the  water  drained  off  through  that. 

This  is  the  method  used  in  St.  Louis  for  15-inch  and  smaller  pipes  and 
sometimes  for  large  mains.     Fire-plugs  make  the  most  convenient  blow- 

*  St.  Louis. 

tia  a  recent  case  of  the  writer's,  after  all  stop  valves  were  shut,  the  twelve-iach  blow- 
off  valv>-  coula  not  be  opened  and  the  adjoiningf  "  shut  off  "  had  ta  be  made  Ihe  whole 
"  shut-off  "  necessary  was  thus  about  10,000  foet  of  36  inch  pipe. 
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offs  at  the  street  surface,  and  in  a  city  like  this  where  most  of  the  streets 
have  a  good  fall  and  where  the  pipes  form  such  a  network  that  large 
areas  of  the  system  could  if  necessary  be  emptied  at  one  point,  if  a  little 
care  be  taken  in  locating  connections,  valves  and  fire-plugs,  blow-off 
valves  may,  except  at  a  few  points,  be  dispensed  with. 

Even  with  a  blow  off  at  every  low  point  in  our  shut  off,  however,  aX 
will  not  be  satisfactory  if  we  have  to  "cut  out"  the  pipe  between  a  blow 
off  and  a  leaky  stop  valve.  The  eccentricity  and  perversity  of  stop 
valves  are  qualities  more  questioned  by  the  experienced.  A  valve  will 
one  day  leak  a  stream  that  defies  hand  pumps,  and  the  next  week,  per- 
haps, shut  bottle  tight.  One  must  be  cautious,  too,  about  forcing  them,, 
as  a  broken  valve  might  be  disastrous.  To  have  absolute  safety  from 
water  at  the  point  of  connection  or  repairs,  we  must  have  a  blow  off  on 
each  side  of  said  point.  Perhaps  the  happiest  arrangement  for  the  drain- 
ing of  a  large  and  important  main  would  be  to  have  the  main  valves  set 
at  low  points  with  a  blow  off  on  each  side  of  each  valve. 

As  to  size  of  blow-off  valves,  in. this  city  12-inch  valves  are  generally 
used  for  30  and  o6-iDch  mains  and  6-inch  valves  for  20,  15,  and  12-inch, 
mains  for  the  sake  of  uniformity  in  castings. 

What  annoyance  may  arise  from  want  of  proper  draining  facilities,  the 
following  case  will  sh<*iv  : 

There  is  a  low  point  en  the  30-inch  pipe  line  on  Cass  avenue,  wect 
of  Broadway,  in  St.  Louis,  which  is  not  provided  with  any  blow  off,  so 
that  about  ten  blocks  of  the  pipe  cannot  be  drained.  Last  December  an 
old  patch  on  a  transverse  crack  in  this  pipe  gave  way.  There  was  about 
4  feet  head  of  water  on  the  crack,  and  no  way  to  drain  it  off  without 
cutting  out.  It  took  about  48  hours  work  to  make  a  split  sleeve 
tight  over  the  crack,  which,  could  the  water  have  been  drawn  off,  should 
have  been  done  inside  of  5  hours.  In  fact,  had  the  job  been  duly 
appreciated,  a  blow-off  valve  would  have  been  cut  in  at  the  start.  Such 
a  delay  as  this  omission  caused  would  be  very  alarming  with  a  very 
important  shut  off. 

Opening  a  blow-off  valve  is  not  ail  that  is  necessary  for  a  quick  empty- 
ing of  a  ''shut  off."  Air  must  be  admitted  at  some  point  and  displace- 
the  water  to  be  discharged. 

This  brings  us  to  the  principal  subject  of  this  paper,  air  cocks  or  air 
taps. 

The  air  cock  must  serve  a  double  duty.  It  must  give  vent  to  air  when 
required,  and  admit  air  when  the  main  is  to  be  drained.  We  will  first 
consider  the  air  cock  as  used  for  admission  of  air  during  draining. 

Let  us  assume  a  6-inch  blow  off  which  would  discharge  under  an 
average  head  of  83  feet  were  air  admitted  freely.  Assume  a  2-inch 
air  cock  at  the  highest  point  in  the  main.  If  10  feet  of  our  head  be 
used  to  force  air  through  the  cock,  sufficient  air  would  enter  to  dis- 
place about  13  cubic  feet  of  water  per  second.  The  remaining 
70  feet  of  head  would  discharge  about  13  cubic  feet  of  water  per 
second  through  the  blow  off.  If  our  main  be  20  inches  in  diameter 
it  will  drain  at  the  rate  of  about  6  feet  per  second,  or  a  mile  of  pipe 
would  be  drained  in  less  than  a  quarter  of  an  hour.  This  is  a  very  rough 
approximation,  of  course,  as  it  would  be  difficult  to  even  approximate 
closely  without  very  complete  data. 


i\ 
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To  get  a  concrete  idea  of  the  rate  of  inflow  of  air,  assume  the  air  in  the 
pipe  to  be  at  two-thirds  atmospheric  pressure.  Using  the  formula  given 
by  Rankine  for  flow  of  air  through  an  orifice,  and  the  constants  taken 
from  Weisbach,  we  get  the  approximate  quantity  of  water  which 
would  be  displaced  for  different  size  air  cocks  : 

14  inch  cock %  cubic  foot  per  second 

1  inch  cock 3  cubic  f<-et  per  second 

2  inch  cock 13  cubic  feet  per  second 

From  this  we  may  see  at  a  glance  that  whenever  one  can  easily  spare 
10  feet  of  head  to  furnish  air,  a  2-inch  cock  is  large  enough  for  a  6-inch 
blow  off,  and  other  sizes  may  be  roughly  tested  in  the  same  way. 

In  considering  the  inflow  of  air,  we  must  remember  that  the  water  is 
displaced  by  rarified  air,  so  that  as  we  decrease  the  pressure  in  our  drain- 
ing pipe  we  not  only  increase  the  weight  of  air  flowing  in  per  second 
through  a  given  opening,  hut  we  also  increase  the  volume  of  icater  which 
a  pound  of  air  will  displace. 

This  relation  of  volumes  should  be  clearly  pictured  in  the  mind  before 
pursuing  the  subject  further,  as  it  is  of  striking  importance  in  the  prob- 
lems before  us. 

We  shall  see  a  little  further  on  that  as  a  larger  air  cock  is  required  for 
the  necessities  of  filling  than  for  those  of  draining,  we  must  let  the 
former  determine  its  size. 

When  there  are  two  or  more  low  points  in  a  shut  off,  and  hence  more 
than  one  blow  off,  one  of  them,  the  highest,  will  sometimes  act  as  an  air 
inlet,  if  there  be  no  air  cock.  In  one  case  under  the  writers'  notice,  a 
12-inch  blow  off  was  observed  to  be  drawing  air  for  about  an  hour  on 
account  of  insufficient  air  openings,  whereas  had  there  been  an  air  inlet 
of  the  proper  size  at  the  summit,  the  blow-off  would  have  been  doing 
its  proper  duty,  and  the  main  would  have  been  drained  in  much  less  time. 

We  have  now  successfully  emptied  our  pipe,  broken  out  and  made  the 
connection,  and  are  ready  to  fill.  In  filling  lies  the  danger  of  accident  as 
well  as  that  of  delay. 

When  a  water  faucet  which  has  been  unused  for  some  hours  is  opened, 
a  quite  startling  fizz-bang  often  follows.  The  phenomenon  may  be  ex- 
plained thus : — by  opening  the  cock  slowly  a  small  opening  is  made, 
large  enough  to  let  the  compressed  air,  which  has  collected  in  the  upper 
part  of  the  pipe,  escape  at  a  great  velocity.  The  water  of  course  follows 
it  up  with  nearly  eqUal  velocity  to  the  opening,  only  to  find  the  hole  too 
small  for  escape.  The  velocity  of  the  water  is  instantly  checked,  causing 
a  shock  or  "  ram." 

A  simple  formula  for  water  ram  in  pipes  has  not  yet  been  published 
in  English  engineering  literature.  Many  experiments  have  been  made 
and  published,  but  they  appear  to  know  no  law.  The  factors  of  the  prob- 
lem seem  too  numerous  and  too  hard  to  obtain,  or  what  is  worse,  diffi- 
cult to  eliminate. 

One  occasionally  hears  water- works  men  speak  of  "  doubling  the 
pressure  to  allow  for  ram."*  Evidently  they  are  considering  the  ram  as  a 
sudden  load.  A  glance  at  the  problem  shows  that  the  static  pressure  is 
a  very  small  factor  in  the  value  of  the  hydraulic  ram. 

*See  Proc.  6th  An.  Meeting  Am.  W.  W.  Ass'n,  p,  101. 
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Mr.  Fanning  makes  an  assumption  as  to  the  time  during  which  the 
energy  is  expended,  in  estimating  the  ram.  Such  an  assumption,  of 
course,  renders  the  results  valueless  except  for  comparison. 

In  order  to  have  some  conception  of  the  force  of  a  water  ram  we  will 
look  over  the  following  case. 


-5000  Ff: 


A.T., 


zo  "  Pipe . 


Let  us  assume  the  above,  supposing  there  to  be  about  one  hundred 
cubic  feet  of  compressed  air  in  the  end  of  our  20-inch  pipe,  at  a 
static  pressure  of  53  pounds  per  square  inch.  Now  open  the  3-inch 
ail  cock  "A  T.  "  The  pressure  of  the  confined  air  will  fall 
about  8  pounds,  due  to  the  friction  of  the  moving  water,  and  we 
will  have  the  air  flowing  from  the  2-inch  orifice  at  a  pressure  of  45 
pounds.  About  8  cubic  feet  per  second  will  be  discharged,  as 
shown  by  our  formula,*  and  the  velocity  of  water  in  our  main  will  hence 
be  about  4  feet  per  second.  Now  our  main  will  hold  about  10,000 
cubic  feet  of  water,  or  about  650,000  pounds.  We  have  then  a  moving 
energy  of  325  tons  at  a  velocity  of  4  feet  per  second,  which  is  equal  to 
the  energy  of  81  tons,  after  falling  1  foot.  Let  us  suppose  that  while 
things  are  in  this  condition  the  air  cock  is  suddenly  closed.  We  will 
assume  that  only  30  cubic  feet  of  air  remain  in  the  pipe  at  this 
instant,  and  that  our  pipe  is  rigid  and  inelastic,  and  therefore 
the  whole  energy  of  the  moving  body  must  be  transferred  to  this 
compressed  air,  which  acts  as  a  cushion.  Assuming  that  the  product  of 
the  pressure  and  volume  is  constant,  and  solving  graphically  by  an 
imaginary  indicator  diagram,  we  find  that  when  81  foot-tons  of 
work  have  been  done  by  the  kinetic  energy  of  the  water  in  compressing 
the  air,  the  final  pressure  will  be  about  200  pounds  per  square  inch,  and 
the  volume  will  be  reduced  to  about  8  cubic  feet.f 

Let  us  suppose  that  instead  of  the  air  cock  being  suddenly  shut  that 
the  cock  were  at  such  a  distance  from  and  below  the  end  of  the  pipe  that 
when  the  rising  water  reaches  and  covers  the  orifice,  about  30  cubic 
feet  of  air  remain  in  the  end  of  the  main. 

We  would  have  nearly  the  same  result  as  before,  the  only  difference 
being  the  relief  afforded  by  the  2-inch  orifice  for  the  escape  of  water. 
Had  less  air  been  left  in  the  pipe  the  final  pressure  would  be  greater. 
This  latter  case  must  often  occur  m  filling  mains.  The  water  is  admitted 
too  rapidly,  so  that  the  air  in  the  main  is  under  high  pressure,  the  air  cock 
is  large  enough  to  allow  air  to  escape  in  large  quantities  per  second,  but 


*  Rankine''*. 

t  NoTtf.—Tiie  pressure  duo  the  height  of  water  in  the  reservoir  added  to  the  atmos 
pheric  pr<»ssure  acting  thr  )Ugh  the  twenty-cwo  cubic;  feet  will  p  -rform  additional  work 
so  that  the  total  work  done  in  compressing  the  air  will  be  over  180  foot-tons. 
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is  too  small  to  give  relief  to  the  water  when  the  air  has  escaped,  and  often 
there  is  no  air  cushion  left  to  ease  the  blow.* 

Air  cocks  are  usually  put  in  at  high  points  in  the  mains  so  that  ^r  ac^ 
cumulating  in  service  may  be  released  to  prevent  obstruction  of  water 
way.  Their  use  while  filling  the  main  is  but  incidental,  and  probably  is  not 
usually  considered  in  designing  the  work.  It  may  be  thought  by  many 
that  the  cost  of  preparing  a  main  for  draining  and  filling,  which  are  done 
only  at  long  intervals,  is  too  great  for  the  advantages  gained  by  such 
preparation;  they  may  prefer  to  take  the  ri?ks  of  damage  and  save  the 
outlay.  It  is  just  as  well,  however,  to  know  the  factors  of  the  problem 
before  a  decision  is  made. 

The  case  of  outflow  of  air  from  a  filling  pipe  is  in  contrast  with  that  of 
the  inflow  in  this:  as  we  increase  the  pressure  of  the  confined  air  we 
increase  the  number  of  j^ounds  of  air  discharged  per  second,  but  we  alsa 
decrease  the  volume  which  apotind  of  confined  air  icill  occupy  in  our  pipe. 
Hence,  icith  a  given  size  air  cock  the  rate  of  inflow  of  ivater  will  be  nearly 
the  same  when  the  confined  air  is  at  a  pressure  of  five  atmospheres  as  at 
two. 

If  we  assume  the  absolute  pressure  of  the  confined  air  which  is  being 
displaced  in  filling  to  be  two  atmospheres,  and  that  said  air  is  escaping 
from  a  3-inch  orifice,  we  find  by  our  formula!  that  about  24 cubic  feet  of 
the  confined  air  will  be  displaced  by  the  inflowing  water  in  one  second^ 
This  would  give  a  velocity  of  about  34-  feet  per  second  in  a  36  inch  main 
or  fill  at  the  rafe  o/ a  mile  of  pipe  in  about  25  minutes.  We  see  then 
that  a  3-inch  tap  would  be  large  enough  to  fill  the  pipe  within  a 
reasonable  time.  A  dangerously  heavy  ram  would  probably  follow^ 
however,  when  all  the  air  had  escaped. 

A  smaller  tap  would  be  no  better  unless  it  be  so  small  that  the 
velocity  of  the  inflowing  water  is  very  low.  This  w^ould  increase  the 
delay  and  loss  of  service,  and  a  small  air  cock  has  the  disadvantage  of 
giving  no  relief  to  the  ram.  Delay  at  this  point  is  annoying,  as  filling 
the  pipe  most  often  comes  at  night,  perhaps  long  after  dark,  and  it  is 
not  eafe  to  dismiss  the  workmen  until  the  full  pressure  is  on  to  test 
the  new  work.  , 

A  better  way  would  be  to  make  the  air  cock  larger,  large  enough  to 
relieve  the  ram  or  to  keep  it  within  safe  limits,  and  regulate  the  velocity 
of  inflow  at  the  filling  valve.  An  absolutely  safe  size  for  an  air  cock 
could  be  found  as  follows  : 

Let  Q  =  greatest  quantity  of  water  which  could  be  obtained  in  one 
minute  at  the  air  cock  were  air  cock  as  large  as  the  main  and  all  valves 
to  be  used  in  filling  full  open. 

P=  maximum  pressure  which  the  pipe  will  safely  stand. 

q  —  quantity  of  water  which  the  air  cock  will  discharge  in  one  minute 
with  a  head  equal  to  P, 

If  q  is  made  equal  to  or  greater  than  Q,  no  damage  can  be  done  in 
filling. 

In  small  mains  and  in  districts  where  the  available  supply  of  water  is 

*  Liirge  air  cushions  ftT  this  purpose  are  no»^  altogether  de-irnble  for  two  reasors  : 
1st.  Ttiey  are  too  apt  to  increase  ilie  dam;-.ge  done  in  case  of  a  leaic  or  break  by  their 
explosive  action,    ^d.  They. bring  more  uncertainty  into  our  calcuiatioas. 

t  RankiLe's, 
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not  great,  this  safe  method  may  be  used  to  great  advantage,  even  with 
all  available  valves  full  open  for  filling.  The  pipe  is  then  filled  in  the 
least  possible  time. 

Assuming  P  equal  to  100  pounds  per  square  inch  and  letting  d  equal 
diameter  of  air  cock  in  inches,  the  following  table  gives  the  value  of  gin 
gallons  per  minute  for  different  size  air  cocks  : 


d 

1 

d 
2W 

a 

d 

Q 

1 

245 

285 
550 

980 

],5;io 

3  in. 

4  in. 

fire-plug* 
fire-plug* 

:,\030 
3,600 ± 

*  Fire-plti^  having  one  3  loch  nozzle  or  one  4-inch  nozzle  respectively. 


To  show  how  this  works  out,  the  proper  size  of  air  cocks  for  several 
summits  in  the  St.  Louis  pipe  system  has  been  determined  in  this  way 
and  is  shown  in  the  table  below.  The  available  quantity  of  water  Q  was 
deduced  from  actual  observations  of  jets  from  fire-plug  nozzles,*  and 
all  valves  were  full  open. 


Location  of  Air  Cock. 


Licdell.     .  . 

Prairi'^ 

Cherokee.. . 
Mat  Br.  Rd 
Twentieth. . 

SuUiran.  .. 

Taylor  

Easioa 

Finny 

Page 

tLacIede 

tBroadway  . 
t 


Taylor 

Kings  HighTvay 

H  >iciurisoa 

N^'braska 

iNeo'st-ad 

I  'ottiige 

Obear         

Twenty -third.. . . 

Vioffitt 

Kin^s  Highway, 
Pendleton 

Prairie 

Jefferson 

Osceola 

Osage 


<0   -5 


Q 


12 

12 

12 

12 

12 

6 

H 

6 

6 

H 

6 


15 

20 
20 


1.450 

],o(;0 

50O 

900 

1,800 

600 

1.150 

1,600 

.SCO 

300 

500 

1.000 

to  1,500 

1,400 

1,650 
1,600 


a 
p  oS 


2% 

2 
3 

2 

2^ 
IH 
1^ 
2 

2M 
to  3 
3 
3 


3' 


l,.-30 

1..-30 

550 

980 

2,030 

980 

1,530 

1,530 

380 

380 

9S0 

1,530 


2,030 
2,030 


The  observation  for  Page  and  Prairie  was  made  on  the  6-inch  pipes  at 
that  point  intended  to  be  used  in  filling  the  20-inch  main  which  has  since 
been  laid  on  Page  avenue. 

When  the  proper  size  air  cock  becomes  inconveniently  large,  two  or 
more  may  be  used.  It  is  not  necessary  that  allot  these  be  at  the  sum- 
mit of  the  pipe,  provided  that  all  are .  kept  open  until  all  the  air  has 
escaped  that   will.      A  fire-plug  500   feet  from   the    summit    is  often 

*  S^e  "A  Sys;em  of  Pipes  for  Furnishing  Water  to  Fire-Engines,"  Journal,  Vol.  V., 
No  8. 

t  The  method  of  obt'^ining  Q  is  hardly  reliable  for  thpse  large  pipes. 

N.  B  — As  tMis  method  referred  to  of  determiuing  availaole  quantity  of  water  at  a  poia 
in  a  system  of  pipes  is  more  reliable  for  determining  the  mmimum  quantity  than  t 
maziuium,  it  should  be  used  with  caution  in  this  case. 
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used  to  help  discharge  the  air  and  reHeve  the  ram.  In  this  city  endeavor 
is  made  to  so  arrange  the  location  of  valves  and  fire-plugs  that  the  latter 
may  be  used  as  air  cocks  in  filling.  The  fire-plug  properly  located  is  the 
safest,  most  convenient  and  economical  air  cock. 

As  large  air  cocks  might  be  inconvenient  for  letting  out  small  accumu- 
lations of  air  at  summits  during  service,  it  would  seem  better  to  have  at 
least  two  cocks  at  each  summit  in  which  air  might  accumulate,  one 
being  large  for  relief  in  filling,  the  other  so  small  as  to  prevent  a  high 
velocity  in  the  main  to  let  out  air  accumulated  in  service.  The  latter 
would  not  be  needed  in  every  shut  off,  as  where  the  pipe  system  is  a 
complete  network  the  air  accumulates  in  service  only  at  the  summits  of 
the  system. 

In  this  city  it  is  often  necessary  to  make  the  shut  off  above  the  one 
to  be  operated  upon  in  order  to  reach  suitably  located  air  inlets  and  out- 
lets. 

In  one  case  last  year  (1886)  a  20-inch  main  was  shut  off  and  drained 
to  make  an  air  inlet  from  a  36-six  inch  shut  off,  and  when  the  work 
was  completed  the  20-inch  was  shut  off  again,  to  be  used  as  an  air  outlet 
when  filling. 

When  we  have  reached  the  limit  of  size  and  number  of  air  cocks  for 
relief,  it  becomes  necessary  to  reduce  our  quantity  Q  so  as  to  maintain 
the  safe  relation.  This  part  of  the  science  is  usually  left  to  the  mechanicg 
who  work  the  valves.  Too  much  dependence  should  not  be  placed  oa 
their  judgment.  If  practicable,  the  main  should  be  so  connected  that  it 
cannot  be  filled  but  one  way.  If  not,  it  might  be  well  to  set  apart 
certain  valves  to  be  used  in  filling  a  certain  shut  off,  and  have  it  well 
understood  that  no  others  are  to  be  opened  until  all  air  has  blown  off. 

Large  mains  without  side  connections  are  usually  filled  through  a  "  by- 
pass." The  by-pass  should  be  of  such  size  as  to  fill  the  main  at  a  proper 
velocity.*  Where  a  main  has  small  side  connections,  the  neighboring 
pipes  are  generally  used  as  a  by-pass.  This  is  saving  in  outlay,  but  has 
some  disadvantages,  such  as  filling  the  main  from  an  undesirable  point, 
filling  too  fast,  taking  the  pressure  off  the  neighboring  pipes. 

Water  should  always  be  admitted  at  the  lowest  point  in  the  shut  off  if 
possible,  especially  in  small  mains.  Water  admitted  at  top  seems  to 
interfere  with  the  escape  of  air  and  cause  disturbance  in  the  pipe.  It 
often  also  cuts  off  the  air-cock  and  confines  the  air  until  pressure  accu- 
mulates, thus  losing  time  in  filling. 

The  location  of  the  main  valves  is  a  factor  in  the  convenience  of  fill- 
ing. Ttie  most  satisfactory  arrangement  of  a  pipe  line  for  filling  would 
be  with  a  stop  valve  on  each  summit,  having  a  large  air  cock  on  each 
side  of  it,  and  a  stop  valve  at  each  depression,  with  a  small  by-pass 
around  it.  Such  completeness,  however,  would  seldom  harmonize  with 
other  requirements. 

It  often  happens  that  a  main  must  be  filled   from  the  highest  point, 
thus  almost  necessarily  interfering  with   the  escape  of  air.     About  the 
only  rule  for  this  case  is  to  avoid  it  if  possible. 
If  a  by-pass  is  to  be  used  for  this,  however,  something  might  be  done 

*  A  12-inch  by-pass  under  75  pounds  head  would  discbarge  about  265  gallons  per 
second,  or  fill  a  36-inch  pipa  at  the  rate  of  5  feet^per  second. 
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by  purposely  making  the  by-pass  so  small  that  filling  may  take  place 
without  disturbance. 

When  a  shut  off  is  high  in  the  middle  and  low  at  each  end,  it  should 
be  filled  from  both  ends  simultaneously.  SuSicient  air  vent  for  the 
increased  rate  of  filling  should  be  allowed. 

If  such  a  shut  off  can  be  filled  from  one  end  only,  and  the  air  vent  can- 
not be  exactly  at  the  summit,  it  should  certainly  be  beyond  the  summit, 
that  is  to  say,  the  air  vent  should  not  be  between  the  inlet  valve  and  the 
summit,  as  it  would  be  cut  off  by  the  rising  water  and  the  discharge  of 
air  greatly  delayed. 

To  sum  up,  every  well  appointed  shut  off  should  be  arranged  with  re- 
gard to  thoroughness  and  quickness  of  draining,  safety  and  quickness 
of  filling. 

In  conclusion,  the  provisions  for  the  convenient  draining  and  filling  of 
mains  may  appear  simple  enough,  as  stated  in  this  paper,  but  when  sur- 
rounaed  by  the  varied  conditions  of  a  city  pipe  system,  they  serve  to  suf- 
ficiently complicate  the  problem. 

If  the  requirements  of  drainmg  and  filling  are  properly  kept  in  view  in 
planning  and  extending  a  distribution  system,  greater  safety  will  be 
dassure  and  the  cost  of  future  maintenance  appreciably  reduced. 


STEEL  TAPES. 


By  John  L.  Culley,  Member  of  the  Civil  Engineers'  Club  of  Cleveland. 

[Read  February  23,  1887.] 


The  plan  upon  which  our  government  lands  are  surveyed  is  undoubt- 
edly the  best  ever  devised  for  such  a  purpose.  The  land  being  laid  off  in 
half-mile  squares,  the  purchaser  generally  obtains  so  many  whole  sections 
and  quarter  sections.  The  law  specifically  determines  how  lost  corners 
shall  be  restored,  so  that  whatever  errors  there  may  be  in  the  original 
government  survey  they  are  confined  within  these  comparatively  nar- 
row limits.  The  beauty  of  the  system  is  that,  the  original  lines  being 
laid  out  north  and  south,  and  east  and  west,  the  bounds  of  the  subse- 
quent purchaser  are,  as  a  rule,  laid  off  parallel  to  the  original  lines,  and 
are,  therefore,  easily  reproduced. 

As  the  land  increases  in  value,  these  purchases  are  subdivided  again 
and  again,  whilst  each  successive  subdivision  is  estimated  by  a  more  and 
more  refined  measurement.  Finally  the  time  comes  when  every  precau- 
tion is  taken  to  obtain  the  absolute  dimensions  of  the  land. 

This  process  of  refinement  is  noticeable  in  the  field  work  of  the  better 
class  of  private  surveyors  of  this  country.  Thus,  the  city  of  Cleveland 
was  laid  out  from  the  Cuyahoga  Eiver  to  Wilson  Ave.  in  1797,  by  the  Con- 
necticut Land  Company.  This  survey — remarkably  consistent  and  well 
executed — has  a  surplus  of  some  0.67  to  100,  which  is  nearly  uniform 
throughout  the  whole  survey.  The  surveyors  in  this  vicinity,  of  60  and 
70  years  ago,  used  a  surplus  of  from  0.17  to  0.25  per  100,  whilst  those  of 
40  and  50  years  ago  intentionally  used  a  surplus  of  0.08  per  100.  Even 
these  refinements  were  far  in  advance  of  those  of  observed  angles,  which. 
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were  dependent  upon  the  compass,  whose  closest  reading  was  one-fourth 
of  one  degree. 

With  the  introduction  of  the  transit,  reading  angles  to  a  fourth  of  a 
minute,  this  order  was  reversed.  Then  line  measurements  became  the 
unknown  quantity,  whilst  angle  observations  became  a  certainty. 

The  6  )  and  100  feet  chains,  each  of  100  links,  were,  of  course,  the 
standard  used  by  the  old  surveyors.  There  were  three  reasons  why  they 
could  not  be  relied  upon  for  accurate  work  : 

1st.  The  sag,  due  to  their  wei^^ht.  materially  shortened  their  length 
when  drawn  to  a  line  above  the  ground  ; 

2d.  Their  lengths  were  constantly  increasing  from  the  strain  in  chain- 
ing and  from  the  slight  abrasions  at  each  of  the  600  wearing  surfaces  in 
every  chain,  and, 

3d.  They  were  liable  to  kink  and  shorten  under  the  slightest  provoca- 
tion. 

Their  weight  was  no  slight  objection,  especially  if  it  came  your  turn  to 
drag  it  over  a  recently  thawed  clay  territory  in  the  early  spring.  These 
objections  were  practically  overcome  by  the  advent  of  the  tempered 
steel  tape. 

It  was  about  1860  that  the  first  steel  tapes  were  imported  and  used  in 
this  country.  It  was  not  until  1873  that  it  was  used  in  this  city  for 
general  land  surveys.  Now  nothing  else  is  used  here  for  either  city  or 
farm  measurements.  It  is  rapidly  being  applied  to  all  branches  of 
engineering  measurement?.  Nor  will  it  be  long  ere  the  old  chain  with 
the  Jacob  staff  wi!l  be  counted  with  the  relics  of  the  past. 

James  Chesterraan  &  Co.,  of  Sheffield,  England,  Fa-e  undoubtedly  the 
largest  manufacturers  of  steel  tapes  in  the  world.  James  Chesterman 
was  the  inventor  of  the  steel  tape,  as  well  as  of  his  processes  of  rolling, 
tempering,  printing  and  of  polishing,  all  of  which  he  covered  with 
letters  patent. 

Geo.  M.  Eddy  &  Co.,  of  351  and  353  Classon  avenue,  Brooklyn,  N.  Y., 
one  of  the  largest  manufacturers  of  tapes  in  this  country,  have  been  in 
this  business  since  1846,  and  have  manufactured  steel  tapes  since  1867.. 
Their  processes  of  manufacture  are  their  own  peculiar  inventions,  and 
like  those  of  the  English  house,  their  processes  are  unlocked  irade  secrets» 
The  distinguishing  feature  in  the  appearance  of  these  two  makes  of  steel 
tape  is  that,  whilst,  the  English  is  polished  on  ail  its  faces  and  edges,  the 
American  is  polished  only  on  its  edges  and  on  the  graduation;  its  other 
surfaces  are  a  dull  blue  black.  This  distmction,  however,  disappears 
when  the  American  tape  has  been  used  a  short  time.  When  new,  the 
Eddy  tape  can  be  much  more  easily  read  than  the  Chesterman.  Where 
parties^  use  tapes  sparingly  this  feature  would  be  of  great  advantage. 
The  expert,  however,  finds  no  trouble  in  reading  either  tape.  Both  are 
excellent  tapes  and  well  mounted,  and  are  printed  to  each  and  every  ^^J-^ 
foot. 

Whilst  the  knowledge  of  the  more  particular  processes  of  manu- 
facture is  denied  us,  we  are  in  possession  of  the  main  fact-;.  After  the 
rolled  ribbons  have  been  tempered  and  ground,  in  quantities  of  from 
one  to  two  dozen  at  a  time,  they  are  laid  upon  an  iron  table  50  feet 
long,  which  has  a  standard  on  each  side.     The  standards  are  of  govern- 
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ment  length  at  63  degrees  F.  The  ribbons  placed  on  this  table  in  lines 
parallel  to  the  standards,  are  made  fast  at  one  end,  and  a  strain  of  13 
pounds  under  a  spring  balance  is  applied  at  the  other.  They  are  then 
printed  with  a  wash  or  varnish  not  affected  by  acid  and  then  etched  in 
a  diluted  nitric  acid  bath — the  graduation  being  covered  by  the  wax  is 
left  in  the  original  surface  of  the  tape. 

The  trade  secrets  are  the  results  that  have  accrued  to  these  enterprising 
manufactur-ers  from  long  years  of  careful  manipulations.  I  am  indebted 
to  L.  Becknar,  of  Toledo,  O.,  and  Geo.  M.  Eddy  &  Co.  for  the  above  in- 
formation. 

Both  of  these  firms  are  devoted  exclusively  to  the  tape  trade,  each 
manufacturing  a  variety  of  steel,  as  well  of  cloth  tapes.  Chesterman  & 
Co  are  best  known  by  their  |-inch  web  tape,  whilst  the  Paine  tape  is 
the  better  known  tape  of  the  Eddy  house,  which  has  the  advantage  of  a 
narrow  web  (i  inch),  offering  slight  resistance  to  the  wind,  and  of  being 
wound  within  a  4-inch  reel. 

All  steel  tapes  are  of  the  best  French  spring  steel,  capable  of  great 
strain  without  rupture,  and  of  returning  to  their  normal  length  when 
the  strain  is  removed,  and  are  of  government  standard  at  62°  F.  Con- 
stantly using  steel  tapes  for  the  last  nine  years,  I  have  yet  to  find  one 
that  will  not  return  to  its  normal  length  after  the  application  of  the  most 
severe  stra-n. 

Nothing  has  contributed  more  to  the  general  use  of  steel  tapes  than 
the  introduction  of  band  chains.  The  universal  price  of  a  good  steel 
tape  is  $15.  Band  chains  are  sold  at  less  than  one-half  the  price  of  the 
old  link  chain.  Band  chains  are  narrow  steel  bands  graduated  into  large 
divisions,  frequently  into  25  and  50  feet  lengths  only,  but  usually  into  5 
and  10  feet  lengths,  with  each  end  foot  into  tenths.  They  are  not  a 
printed  tape,  hence  they  are  called  band  chains,  to  distinguish  them  from 
steel  tapes.  They  are  not  designed  for  the  fine  work  to  which  the  steel 
tape  is  adapted,  but  for  rougher  and  more  general  work.  They  are 
thicker  and  narrower  than  steel  tapes,  and  are  therefore  more  adapted  to 
their  harder  usage.  They  are  admirably  adapted  to  railroad  work,  and 
are  a  decided  improvement  upon  the  old  chain  for  farm  or  country 
surveying. 

Band  chains  are  of  a  great  variety  of  patterns.  Although  there  are 
many  excellent  ones,  I  will  now  make  mention  only  of  three  different 
makes. 

1st.  The  Hodgeman,  manufactured  by  L.  Beckman,  57  Adams  street, 
Toledo,  0.,  from  the  best  polisJted  blue  steel  wire,  varying  from  ^  to  -^^ 
inch  wide,  and  from  No.  30  to  No.  35  gauge  thick,  the  cross-section  of  a 
single  band  chain  being  uniform  throughout  its  length.  The  standard 
Hodgeman  is  100  feet  long,  of  i-iuch  No.  33  gauge.  Babbit  metal  is  fused 
on  to  the  band  at  the  desired  points,  into  which  the  proper  figures  are 
stamped.  The  price  of  this  tape  is  remarkably  low.  A  100-foot  line, 
graduated  every  10  feet,  costs  $3.50  ;  graduated  every  5  feet,  $3;  or  gradu- 
ated every  10  feet  and  the  end  foot  into  tenths,  $3.75.  Handles  are  50c.  a 
pair  extra.  They  are  used  extensively  in  the  "West,  and  are  indorsed  by 
no  less  authority  than  J.  B.  Davis,  of  the  University  of  Michigan. 
2d.  The  Sager,  manufactured  and  sold  by  the  inventor,   Frederick  J. 
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Sa.2:er.  C.  E.,  at  Maiysville,  O.,  is  of  the  finest  spring  steel,  and  of  only 
one  size  of  scant  -^^  inch  thick  by  i  inch  wide.  They  are  very  well  made 
and  got! en  up.  The  graduation  is  performed  by  sinking  figures  into 
small  copper  plates,  which  are  swedged  around  and  brazed  to  the  line. 
This  tape,  100  feet  long  including  its  large  handles,  costs  graduated  at 
ends  only  $3.25  ;  every  10  feet,  $4.25  ;  every  5  feet,  $4.75  ;  whilst  his  brass 
reel  costs  $4.00.  These  tapes  are  extensively  used  by  railroad  engineers., 
and  largely  by  the  surveyors  of  this  State.  Mr.  Sager  has  invented  an 
ingenious  riveting  machine,  for  the  repair  of  his  tape. 

3d.  The  Roe,  by  Justus  Roe  &  Sons,  Patchogue,  Suffolk  County,  N.  Y., 
is  of  fine  tempered  heavj'^  spring  steel,  ^  inch  wide  by  g^j  inch  thick.  The 
graduation  is  made  by  riveting  alternately,  at  the  5  and  10  feet  points,  with 
brass  rivets,  brass  and  copper  plates,  into  both  faces  of  which  the  figures 
are  stamped.  The  10-foot  points  are  also  designated  by  extra  rivets  in 
line  along  the  band  at  these  figure  plates  thus  :  10  feet  by  1,  20  feet  by  2, 
30  feet  by  3,  40  feet  by  4  and  the  centre  by  5  rivets,  after  the  manner  of 
the  old  chain  10-foot  tags.  The  Roes  are  the  first  and  only  makers  that 
have  successfully  nickel  plated  steel  tapes. 

A  100-foot  line,  including  reel  and  handles,  costs  $4  and  $5,  according 
as  it  is  graduated  every  10  or  5  feet,  the  two  end  feet  in  each  case  being 
graduated  to  tenths  ;  nickel  plating  for  a  100-foot  line  is  $2  extra.  This 
is  undoubtedly  the  best  band  chain  in  the  market.  It  costs  more  than 
either  the  Sager  or  Hodgeman,  but  has  the  advantage  of  a  graduation 
made  without  the  application  of  hot  metal,  which  always  weakens  or 
destroys  the  web  fibre.  This  objection  is  less  applicable  to  the  Sager  than 
to  the  Hodgeman.  The  soft  metal  graduation  of  the  Hodgeman  is  liable 
to  wear  off  in  practice.  No  band  tape  graduation  is  as  permanent  as  that 
of  the  printed  steel  tapes. 

The  reel  is  the  band  chain's  weak  point.  Mr.  Sager  has  invented  the 
only  good  one,  but  its  price  is  too  high  for  the  trade.  The  band  chain 
reel  should  be  of  good  design  and  workmanship,  capable  of  folding  up 
compactly,  and  its  cost  should  not  exceed  $1.50.  A  serious  objection  to 
band  chains  is  their  bulk  when  reeled,  as  their  thickness  prevents  them 
being  wound  around  a  narrow  coil.  Band  chains  are  not  designed  for 
thickly-populated  districts,  nor  is  it  advisable  to  use  them  when  the  meas- 
urements require  a  steel  tape  to  measure  the  fine  divisions — a  steel  tape 
had  better  be  used  for  the  whole  work.  Band  chains  offer  a  small  re- 
sistance to  the  wind,  whilst  steel  tapes  are  finely  graduated  and  reel  into 
small  cases.  Tapes  of  the  Excelsior  type  are  unsuitable  for  field  work 
Their  extreme  width  and  weight  cause  them  to  sway  in  the  wind  and 
sag  on  level  lines  above  the  ground  so  as  to  render  it  impossible  to  meas- 
ure work  accurately  with  them.  The  Excelsior  is  manufactured  by 
Seidler  Bros.,  Leipsic,  Germany.     This  tape  has  a  very  poor  reel. 

Upon  the  general  subject  of  steel  tapes  I  would  recommend  : 

1st.  Band  chains  should  have  handles  at  the  front  end  only.  The  rear 
handle  fouls  the  chain  by  catching  in  brush,  etc.,  and  its  place  should 
be  supplied  by  a  brass  ring  |  inch  in  diameter. 

2d.  The  common  steel  tape  is  too  wide.  Its  width  should  be  reduced  to 
y\  inch  and  its  thickness  increased  accordingly.  Its  reel,  however, 
should  never  exceed  5  inches  diameter  or  loose  its  charming  capacity  of 
entering  your  coat  pocket. 
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It  might  also  be  stated  that  whilst  the  cost  of  band  chains  is  reasonably 
low,  steel  tapes  are  exorbitantly  high.  There  is  no  good  reason  why  a 
100  feet  I  inch  steel  tape  of  the  Chesterman  type  should  cost  more  than 


Distances  can  be  as  readily  measured  whether  the  zero  or  far  end  of  a 
steel  tape  be  used  or  its  front  end.  If  the  reel  end  be  made  the  forward 
end,  the  objections  many  engineers  have  against  using  a  reel  attached 
tape  will  be  overcome,  whilst  they  will  have  the  consolation  of  always 
knowing  where  the  reel  is  when  needed. 

The  advantages  of  having  tapes  graduated  beyond  the  zero  or  other 
initial  points  is  outweighed  by  the  objections  against  such  arrangement. 

The  assurances  of  the  makers  to  the  contrary  notwithstanding,  every 
tape,  whether  steel  tape  or  band  chain,  should  be  cleaned  thoroughly 
each  time  used.  Slight  rust  can  be  readily  removed  by  the  application 
of  coal  oil  and  by  rubbing  it  with  waste.  Emery  paper  should  be  used 
only  in  case  of  deep  rust,  for  it  wears  away  the  graduation  and  body  of 
the  tape.     Tapes  should  be  slightly  oiled  when  laid  away  or  not  in  use. 

It  is  only  by  the  use  of  steel  tapes  that  the  science  of  fine  line  measure- 
ment is  attainable.  The  great  sources  of  fluctuation  in  fine  line  tape 
measurements  are  due  to  three  causes  :  1st,  Temperature ;  2d,  tape 
strain  ;  and  3d,  the  greatest  of  all,  to  the  methods  of  pin  setting.  To  be 
accurately  done,  this  last  requires  constant  care  and  attention.  Pins 
should  be  set  under  vertical  plumb  lines,  and  should  measure  the  exact 
tape  length  from  centre  to  centre.  The  second  source  may  be  eliminated 
by  drawing  the  tape  always  under  a  constant  pressure,  and  making  due 
allowance  therefor,  determined  from  test  of  tape  under  a  spring  balance. 
The  least  is  temperature.  A  change  of  10°  F.  on  a  100-foot  tape  will 
affect  its  length  only  0.C06  foot,  and  owing  to  the  great  variety  of  sub- 
stances and  their  varying  powers  of  heat  conduction,  allowances  for  this 
source  should  be  made  only  for  considerable  range  of  temperatures  or 
for  long  line  measurements. 

In  this  latter  day  revival  of  stadia  measurements,  the  mistake  should 
not  be  made  that  such  measurements  are  ever  to  be  regarded  as  certain 
or  reliable.  They  are  only  approximations  of  true  quantities,  and  are 
useful  only  as  such.  The  gradienter  is  far  more  preferable  for  this  pur- 
pose ;  it  is  simpler  in  construction,  more  truthful  in  operation  and  reli- 
able in  results,  while  its  cost  is  much  less  than  that  of  the  stadia  attach- 
ments. 

The  admirable  system  of  abbreviated  field  notes  used  by  the  surveyors 
in  this  locality  is  unexcelled  for  rapidity  of  application,  or  for  the 
amount  of  work  that  can  be  accomplished  by  it  in  a  given  space  of  time. 
Only  5  letters  are  required  to  do  its  vrork.  Thus  m=  a  fixea  distance  de- 
termined by  measurement ;  md  —  a  given  distance  laid  off  ;  ob  = 
an  angle  determined  by  observation  between  fixed  points  ;  t  =  a  given 
angle  turned  off  and  ?'  =  a  repetition;  as  mr  =  a  fixed  distance  measured 
twice  with  the  same  results,  etc.  These  letters  are  used  immediately 
after  the  figure  affected  by  them,  thus  i2V95m  ;  2'dO'7md;  do°~07'Gbr,  etc. 

In  1882  Mr.  C.  H.  Burgess  perfected  a  machine  for  repairing  broken  Ches- 
terman steel  tapes.  He  used  a  capstan  screw  that  punched  three  holes 
simultaneously.     My  improvement  on  this  machine,  shown  below,  con- 
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sists  in  the  removal  of  the  capstan  and  the  use  of  a  guide  block  in  its 
place,  through  which  the  punches  are  separately  applied  and  the  holes 
in  the  tape  punched  from  a  slight  hammer  blow.  The  objection  to  the 
capstan  is,  that  when  one  punch  is  brokcD  the  other  two  are  useless.  It 
isTalso  important  that  the  three  capstan  punches  should  have  exactly  the 
same  length  or  lead,  a  condition  rarely  ever  realized.  By  the  arrange- 
ment shown  in  Fig.  No.  1  you  can  proceed  with  the  punching  when  you 
have  broken  a  punch,  simply  by  getting  another  one.  A  few  extra 
punches  only  are  necessary  to  provide  against  such  accidents. 

The  guide  holes  and  dies  should  be  exactly  in  line.  The  two  fine 
vertical  lines  on  the  machine  face  are  exactly  y%  feet  apart,  either  one 
being  exactly  -^^  feet  from  the  centre  of  the  3  dies.  The  long  slot  also  in 
the  machine  face  is  one-half  the  width  of  a  steel  tape.     The  clamp  plate 
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is  operated  by  a  thumbscrew  in  the  front,  and  is  hinged  in  the  rear  by  a 
long  screw^  passing  through  it  and  the  guide  block.  The  centre  of  the 
tape  space  to  be  punched  is  placed  exactly  ^V  fi'oni  one  of  the  gauge 
lines,  which  is  best  done  on  a  full  tenth,  or  a  ^.  hundredths,  line.  The 
tape  is  then  clamped  and  the  holes  punched.  The  splice  may  be  of  any 
length.  It  should,  to  avoid  error,  be  an  even  number  of  full  tenths  of  a 
foot,  nor  should  it  ever  be  less  than  ^^  feet.  Old  tapes  are  used  for  splices. 
The  tape  ends  are  cut  off  with  a  pair  of  nippers,  and  in  cutting  them  the 
nippers  should  be  held  a  little  above  or  below  the  tape  alignment,  so  that 
the  cut  ends  may  be  bent  as  shown  exaggerated  in  Fig.  No.  3,  and  that 
when  riveted,  as  in  Fig.  No.  2,  the  laps  will  hug  one  another  tightly, 
preventing  their  filling  with  dirt,  or  cutting  your  hand  as  it  passes  along. 
Die  punches  and  rivets  should  be  of  one  size.  Chesterman  f-inch  web 
requires  :^-inch  No.  30  brass  escutcheon  pins.  Repairs  should  never  be 
made  with  solder,  or  other  soft  hot  metals,  for  reasons  already  given. 

Every  surveyor  should  have  a  conveniently  located  permanent  base  of 
government  standard  length  by  which  he  should  test  his  tape  every 
time  it  is  repaired.  Such  base  should  never  be  on  a  building  floor,  nor 
on  substances  affected  by  settlement,  or  such  that  temperature  wiU 
.affect  the  length  of  the  base. 
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By  J.  D.  Varney,  Member  of  the  Civil  Engineers'  Club  of  Cleveland. 

[Read  February  22,  1S87.] 


Whether  or  not  the  subject  of  steel  tapes  is  interesting  to  you  it  has 
during  the  past  five  years  interested  me  more  than  $100  worth.  While  quite 
young,  I  read  a  book  entitled  the  "  Pursuit  of  Knowledge  under  Difficul- 
ties," which  related  the  terrible  exertions  of  would-be  wise  youths  to- 
overcome  obstacles  in  the  pursuit  of  knowledge.  The  impressions  left  on 
my  mind  by  that  book  are  quite  similar  to  those  left  by  **  Fox's  Book  of 
Martyrs."  I  lay  no  claim  to  martyrdom  or  anything  else  heroic,  but  I 
have  been  in  pursuit  of  a  tape  under  difficulties.  1  have  here  for  your  in- 
spection seven  tapes  marked  respectively  No.  1,  No.  2  A,  No.  2  B,  No.  3 
C,  No.  3  E,  No.  4  and  No.  5.  The  numbers  relate  to  the  class  or  kind  of 
tape  ;  the  letters  to  the  particular  tape  before  you. 

No.  1  is  the  well-known  Chesterman  steel  tape  manufactured  by  James 
Chesterman  &  Co..  of  Sheffield,  England.  It  is  wound  in  a  leather  case 
ii  inches  diameter,  is  f  iach  wide  and  .015  inch  thick.  Probably 
there  is  no  tape  in  the  market  which  is  better  made  than  this.  The 
greatest  objection  to  it  is  its  liability  to  breakage.  When  straight,  it  is 
sufficiently  strong.  It  can  even  be  wound  around  the  hand,  and  subjected  to 
any  useful  strain  without  injury,  but  with  a  short  kink  in  it  a  breakage  will 
be  caused  by  a  strain  so  slight  as  to  escape  the  notice  of  the  person  pro- 
ducing the  strain.  ]n  trying  to  avoid  these  breakages  another  defect  is 
developed.  It  becomes  necessary  to  wind  it  often  to  avoid  accidents,  but 
this  case  is  so  small  that  a  little  dirt  on  the  tape  prevents  its  being  wound 
in.  Besides  the  limited  capacity  of  this  case  it  is  close,  and  holds  mois- 
ture, causing  rust.  I  will  not  bore  you  wiih  an  account  of  my  many 
devices  to  overcome  these  difficulties.  Let  it  suffice  that  when  I  saw  this 
(No.  2)  I  was  ready  to  sing  "This  is  the  tape  I  long  have  sought." 

No.  2  is  the  Excelsior  tape  in  a  brass  frame.  It  is  one-half  inch  wide 
and  varies  in  thickness  from  .007,  as  in  No.  2  C,  to  .01  as  in  No.  2  B. 
There  may  be  a  wider  range  which  I  have  not  met  with.  It  is  manu- 
factured by  or  for  Keuffel  &  Esser,  of  New  York.  Compared  with  No.  1 
after  3  years  use  I  find  No.  1,  being  lighter,  requires  less  strain  to  take  up 
the  sag,  and,  therefore,  with  the  same  watchfulness  capable  of  more  uni- 
form measurements.  With  increased  care  and  strain,  measurements 
with  No.  2  are  equally  satisfactory  with  those  by  No.  1.  The  width  alone 
of  No.  2  would  make  it  more  liable  to  kink,  but  its  greater  weight  and 
strength  causes  it  to  resist  short  kinks  and  reduces  the  liability  to  break. 
One  hundred  feet  of  either  of  i hem  cannot  be  used  with  accuracy  in  a 
high  lateral  wind, and  the  more  narrow  No.  1  probably  has  the  advantage 
in  such  a  wind. 

When  there  are  bushes  or  other  obstructions  in  the  middle  of  the  tape 
among  which  the  tape  is  to  be  placed  and  straightened,  No.  2  is  heavy 
enough  so  that  the  two  men  at  the  ends  can  throw  it  into  position  as 
chain  carriers  soon  learn  to  do  with  a  chain,  a  feat  which  had  nearly 
become  a  lost  art,  however;  while  in  using  the  lighter  No.  1  it  must  be 
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placed  carefully  in  position  by  actually  grasping  the  middle.  Tiiis  reel 
(No,  2)  does  noi  confine  moisture,  and  is  much  more  conveniently 
handled  than  the  case.  It  is  often  necessary  to  drag  this  end  a  short 
distance,  when  this  reel  offers  less  resistance  than  the  case.  After  con- 
siderable use  another  objection  to  No.  2  was  developed,  perhaps  not 
important  and  yet  annoying.  Being  so  wide  the  two  edges  became  per- 
ceptibly unequally  stretched  by  use,  developing  a  curvature  and  an 
actual  though  perhaps  not  a  measurable  inaccuracy  in  the  length.  This 
reel  has  no  more  spare  room  than  No.  1,  possibly  not  quite  as  much. 
Certainly  in  this  I  have  had  sufficient  water  adhere  to  the  tape  to  prevent 
its  being  wound  up. 

I  found  to  my  regret  and  cost  that  No.  2  will  break,  though  not  as  liable 
to  break  as  No.  1,  and  on  the  whole  I  preferred  it.  Before  speaking  of 
my  next  move  I  must  go  back  and  speak  of  another  phase  of  the  subject. 

I  had  with  others  been  discussing  the  influence  of  heat  and  cold- 
over  the  accuracy  of  our  work.  In  a  lecture  by  Professor  Mendenhall, 
of  the  State  University,  before  our  State  Society  in  January,  1884,  he 
offered  to  give  engineers  the  benefit  of  the  very  superior  apparatus  of 
that  institution  for  testing  tapes.  I  placed  in  his  hands  this.  No.  2  A, 
and  after  due  time  he  returned  it  to  me  with  a  statement,  of  which  this 
is  a  copy. 

MEASUREMENT  OF  STEEL  TAPE,  100  FEET  EXCELSIOR,  BELONGING  TO  J.  D. 
VARNEY,    PHYSICAL    LABORATORY,    OHIO    STATE   UNIVERSITY,    JANUARY, 

1884. 

Measurement.  Teusion.  Temperature.  Length. 

First 10  pounds.  63"  F.  100.009  feet. 

Second 10  pounds.  64>^°  F.  100  013  feet. 

Mean  length,  100.011  at  63^'  F. 

There  is  a  constant  error  of  .001  feet  at  the  zero  end,  leaving  an  error 
of  .010  to  be  corrected  by  temperature.  Co-efficient  of  expansion  X 
.  000007  for  1°  F.  Temperature  at  which  tape  is  correct  =  49^  F.  Several 
measurements  were  made  to  test  the  graduation.  The  errors  detected 
were  too  slight  to  require  notice. 


Since  that  time  I  have  kept  this  to  test  others  by,  and  for  no  other 
purpose. 

You  will  observe  that  No.  2  A  is  a  light  tape  compared  with  No.  2  B. 
No.  2  B.  is  .02  foot  shorter  than  No.  2  A,  and  No.  1  is  .01  foot  shorter 
than  No.  2  A.  No.  2C  is  a  50-foot  Excelsior  i  inchx  .007,  still  lighter,  and 
.001  longer  than  one-half  of  No.  2  A.  This  difference  between  light  and 
heavy  tapes  appears  also  in  the  Chesterman  make. 

Applying  Prof.  Mendenhall's  formula,  which  is  substantially  the  same 
as  we  find  in  the  text  books,  and  No.  2  B  is  correct  at  78  degrees.  No.  2 
C  at  20  degrees  +  and  No.  1  at  63  degrees.  Since  writing  the  above  I  have 
learned  that  Chesterman  &  Co.  adjust  this  tape  (No.  1)  to  a  temperature  of 
62  degrees,  and  as  the  difference  for  1  degree  =  .0007  is  a  finer  measure- 
ment than  I  pretend  to  make,  I  accept  their  figures  as  correct. 

The  zeros  of  both  Nos.  1  and  2  are  some  part  of  the  brass  work  of  the 
end  ring,  an  arrangement  which  is  inconvenient,  besides  the  inaccuracy- 
shown  by  Professor  Mendenhall. 
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My  next  move  was  to  open  negotiations  with  Keuffel  &  Esser  for 
the  manufacture  of  a  tape  with  the  following  modifications  of  No.  2. 

1.  A  frame  with  at  least  one  inch  more  space  in  diameter. 

2.  The  zero  to  be  on  the  tape  and  not  any  part  of  the  brass  work. 

3.  At  least  ^V  foot  extra  beyond  the  100  feet  to  be  divided  to  .01  to 
enable  me  to  get  100  feet  in  any  temperature. 

I  only  insisted  that  the  graduations  must  be  uniform  and  within  a  rea- 
sonable range,  for  in  our  variable  climate  the  tape  in  use  is  probably  at 
any  other  temperature  between  40  degrees  and  80  degrees  as  often  as 
at  60  degrees.  Later  we  decided  to  have  the  tape  narrow  and  in  time 
they  sent  me  one  in  a  reel  similar  to  No.  3  E,  differing  from  it  only  in 
being  adapted  to  a  tape  i  inch  wide,  while  these  are  i  inch  wide.  These 
reels  differ  from  No.  2  in  having  a  larger  core  on  which  to  wind  the  tape, 
which  is  an  improvement  and  necessitates  a  longer  frame  ;  but  you  will 
see  they  have  not  given  the  extra  space  I  asked  for,  but  as  if  in  utter  con- 
tempt of  my  wishes  they  introduced  this  pulley  and  spring,  which  have 
been  detached,  and  which  I  will  not  attempt  to  describe,  but  which  so 
completely  occupied  the  little  space  there  is  as  to  render  it  very  difficult 
to  wind  the  tape  when  it  came  from  their  hands.  These  reels  differ 
from  No.  2  in  having  the  crank  longer.  The  handle  is  also  longer,  neces- 
sitating an  opening  through  the  axis  to  admit  the  handle  when  the  crank 
is  folded.     These  are  great  improvements  over  both  No.  2  and  No.  1. 

Besides  some  other  fatal  defects  in  the  tape  they  sent  me,  the  steel  of 
which  it  was  made  was  so  inferior  in  quality  as  to  render  it  utterly  use- 
less. Later  they  sent  me  another  in  which  some  of  the  defects  were 
remedied,  but  with  no  improvement  in  the  quality  of  the  steel.  The  sit- 
uation was  discouraging.  The  reel  I  had  seen  was  so  superior  to  Nos.  1  and 
2  that  I  did  not  feel  willing  to  go  back  to  either  of  them,  and  yet  to  secure 
durability,  the  object  for  which  I  first  started  in  pursuit,  I  must  have 
good  steel.  My  next  move  was  to  ask  Chesterman  &  Co.  if  they  would 
make  a  tape  to  suit  me  without  either  case  or  reel,  my  idea  being  to  get 
■a  good  tape,  and  then  to  go  to  some  machinist  and  have  a  reel  made  to 
«uit  myself.  In  reply  I  received  from  them  these  samples  from  which  to 
select  the  ribbon  I  would  have,  and  a  promise  to  try  to  suit  me,  and  they 
also  thought  they  could  suit  me  with  a  case.  The  result  was  that  Mr.  J. 
M.  Ackly  and  Mr.  C.  C.  Merchant  joined  me  in  an  order  through  Wm. 
Bingham  &  Co.  for  three  tapes,  and  in  due  time  we  received  them,  one 
of  which  is  before  you  marked  No.  4, 

It  is  in  a  sheet-iron  case  6^  inches  outside  diameter,  handled  by  a 
leather  strap  on  the  side  to  go  over  the  hand.  The  core  is  2yV  inches  di- 
ameter. The  ribbon  is  i  inch  wide  and  .015  inch  thick.  The  zero  is 
2i  inches  from  the  ring  end.  There  are  ten  .01  divisions  beyond  the  100 
foot  mark.  Its  length  is  .02  less  than  No.  2  A,  and  therefore  is  correct 
at  78  degrees.  The  quality  of  the  steel  seems  to  be  fully  equal  to  that  in 
No.  1.  I  have  used  it  but  little,  but  believe  that  it  will  prove  as  durable 
as  is  consistent  with  convenience  in  use.  The  first  use  of  this  tape  devel- 
oped a  weakness  in  the  fastening  of  the  end  ring  to  the  tape  and  in  the 
screw  which  connects  the  tape  to  the  centre  of  the  case.  Both  of  these, 
you  will  see,  have  been  easily  remedied  at  an  expense,  however,  of  75 
•cents.     There  is  in  this  the  same  lack  of  space,  rendering  it  necessary  to 
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cleao  the  tape  every  time  it  is  wound,  and  yet  it  is  so  large  as  to  be  in- 
convenient to  carry  in  any  pocket  whicli  is  not  well  adapted  to  old- 
fashioned  cooDing  excursions.  For  myself  I  would  prefer  to  have  a  tape 
conveniently  adapted  to  use  without  loss  of  time  in  the  field,  and  I  will 
provide  means  to  tiansport  it. 

While  corresponding  with  Chesterman  &  Co.  I  met  George  Hartnell, 
and  found  him  using  a  new  Excelsior  tape,  similar  to  No.  3  E.  The 
steel  appeared  to  be  superior  to  the  narrow  ones  sent  me,  but  much  in- 
ferior to  Nos.  1  and  3.  He  seemed  to  be  pleased  with  it,  and,  needing 
one,  I  ordered,  and  in  due  time  received  this  No.  3  E.  In  accordance 
with  my  order,  it  differs  from  Mr.  Hartwell's  in  being  heavier  and  in 
having  forty  .01  divisions  beyond  the  100  feet,  which  I  fiid  very  conve- 
nient. It  is  ^  inch  wide  by  .013.  I  have  previously  described  the  frame. 
There  is  one  curious  fact  about  this  tape.  The  first  50  feet  are  the  bame 
as  each  50  feet  of  No.  2  A,  but  the  last  is  .01  short.  By  using  +.01  it  is 
then  correct  at  49  degrees.  This  is  a  heavy  tape  and  long,  but  No.  3  is 
a  different  make  from  Nos.  1  and  3,  and  I  have  had  no  opportunity  to 
compare  its  length  with  any  of  a  different  thickness  of  the  same  make. 

This  tape  No.  5  was  sent  by  Chesterman  &  Co.  with  No.  4,  with  a  re- 
quest that  I  should  try  it.  It  is  100  feet  long,  divided  only  to  feet.  It  has 
handles  and  is  intended  to  be  used  separate  from  the  case.  By  an  ingen- 
ious arrangement,  it  can  be  wound  in  without  removing  the  handles.  I 
think  if  those  who  are  using  chains  would  substitute  this  they  would 
find  it  more  satisfactory  in  every  way;  but  as  I  have  no  use  for  a  tape 
which  is  not  divided  to  .01  foot  it  does  not  interest  me. 

One  fact  developed  by  this  experience  is  very  unpleasant,  to  say  the 
least.  From  the  crown  of  my  head  to  the  bottom  end  of  the  tacks  in  my 
boot  heels  I  believe  in  protection  as  against  free  trade,  but  the  fact  re- 
mains that  No.  1  and  No.  4  were  made  in  Shefiield.  It  is  true  that  the 
quality  of  steel  and  the  workmanship  in  No.  3  is  equal  to  either  of 
them;  but  K.  &  E.  have  a  branch  house  in  Germany,  and  I  suspect, 
what  I  do  not  know,  that  No.  3  was  made  the  other  side  and  No.  3  on 
this  side  of  the  big  pond. 


NATURAL  GAS. 


By  N.  B.  Wood,  J^Iember  of  the  Civil  Engineers'  Club  of  Cleveland. 

[Read  January  11,  1887.] 


I  perhaps  need  not  explain  that  under  this  title  I  intend  only  to  call 
your  attention  to  that  substance  which  is  now  usually  known  by  that 
name,  and  not  to  the  numerous  other  substances  to  which  the  name 
would  be  equally  applicable.  It  has,  under  this  name,  become  familiar 
to  all,  and  by  all  deemed  a  matter  of  much  importance.  The  future  of 
manufacturing  districts  is  being  considered  by  some  to  hinge  on  the 
possibility  or  impossibility  of  obtaining  it  in  large  and  continuous  quanti- 
ties. Every  periodical,  either  scientific  or  otherwise,  feels  bound  to 
make  mention  of  it  in  some  form,  and  it  may  be  truthfully  said  that  we 
are  now  in  the  febrile  stage  of  a  gas  craze.  But  the  engineer  cannot  afford 
to  lose  control  of  himself  and  plunge  into  a  mad  race  for  a  bubble  (even  if 
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£lled  with  gas).  He  must  assure  himself  that  there  is  something  sub- 
stantial upon  which  to  build,  and,  finding  that,  proceed  coolly  to  the 
desired  end. 

What  are  the  properties  of  natural  gas?  Whence  its  origin  ?  Where  can 
it  be  obtained  in  paying  and  continuous  quantities?  How  and  how  far 
can  it  be  conveyed  profitably?  And  of  how  much  actual  importance, 
economically  considered,  is  it  ?  are  questions  which  naturally  suggest 
themselves.  It  is  perhaps  rot  necessary  to  enter  into  a  very  minute 
description  of  this  substance.  Indeed  it  would  be  impossible  to  do  so, 
except  for  named  localitif^s,  since  specimens  from  different  places  differ 
somewhat  in  density,  odor  a-id  composition,  and  consequently  in  value  as 
illuminating  gas  and  fuel.  But  in  general  it  may  be  said  to  be  marsh 
gas  (CH4)  mixed  with  more  or  less  vapor  of  heavier  hydrocarbons  and 
sometimes  with  carbonic  acid.  Fortunately  the  latter  is  only  occasion- 
ally present  in  quantities  sufficient  to  seriously  impair  the  quality.  It 
will  be  readily  understood  from  this  why  a  high  specific  gravity  would 
be  no  guaranty  of  quality,  since  carbonic  acid  would  increase  the  weight 
with  a  corresponding  decrease  in  its  value.  But  in  general  a  high  specific 
graviiy  does  indicate  a  bt-tter  quality  of  gas  ;  particularly  for  illuminat- 
ing purposes.  The  specific  gravity  of  marsh  gas  is  .557  (air  being  unity), 
while  the  natural  product  varies  from  .519  to  .693.  Two  samples  from 
this  neighborhood  had  specific  gravities  of  .689  and  .657,  with  no  carbonic 
acid,  while  that  of  West  Bloomfield,  N.  Y.,  has  a  density  of  .693,  with  10 
per  cent,  of  carbonate  acid,  and  Pennsylvania  wells  yield  a  gas 
weighing  from  .519  to  .592,  with  carbonic  acid  ranging  from  traces  to  3 
or  4  per  cent.  I  calculate  that  19  cubic  feet  of  our  gas  weigh  one  pound 
avoirdupois,  while  in  Pittsburgh  23.5  are  allowed.  Pound  for  pound  the 
Pittsburgh  gas  is  the  more  valuable  for  fuel,  but  a  foot  of  our  gas  is 
worth  more  than  a  foot  of  theirs  for  that  purpose,  while  for  illuminating 
purposes  Cleveland  gas  has  decided  superi'^rity.  The  explosive  nature  of  a 
mixture  of  this  gas  and  a  proper  quantity  of  air  or  oxygen,  is  well-known 
and  of  only  coo  frequent  occurreoce.  It  is  this  which  is  the  dre^tded  fire- 
damp of  the  coal  mines.  A  mixture  of  one  volume  of  gaa  with  about  ten 
volumes  of  air  explodes  with  great  violence  when  touched  with  an  v  thing 
at  a  white  heat,  or  nearly  so,  but  is  not  exploded  by  red-hot  bodies,  or 
even  the  electric  spark,  unless  a  strong  one.  On  account  of  this  peculiar 
property  of  this  gas,  Sir  Humphrey  Davy  (or,  as  some  say,  Stevenson) 
found  it  possible  to  construct  a  lamp  which,  though  often  red-hot  from 
the  ignited  gas  within,  does  not  explode  the  mixture  without.  I  should 
advise  all  who  use  natural  gas,  or  whose  houses  are  near  places  where  it 
is  us^-d,  to  use  some  sort  of  safety-lamp  when  it  beco  nes  necessary  for 
them  to  go  into  their  cellars,  for  it  is  impossible  to  tell  when  some  leak 
may  occur,  which  may  fill  a  cellar  unsuspected,  and  be  discovered  only 
after  disastrous  results.  Of  course  this  precaution  would  be  unnecessary 
where  the  gas  has  a  perceptible  odor,  such  as  the  gas  from  this  part  of 
the  country  has,  and  ^hich  I  presume,  all  heavy  gas  has  ;  but  the  gas 
from  near  Pittsburgh  either  has  no  odor  or  loses  it  before  it  is  delivered 
to  the  consumers.  The  illuminating  power  of  this  gas,  even  of  the 
heavier  variety,  is  only  moderate  and  that  of  the  lighter  very  poor.  The 
burners  in  use  at  present  seem  to  be  unsuitable.    The  slightest   draft 
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causes  the  light  of  the  flame  to  die  out  and  burn  for  some  time  with  a 
bluish  flame  like  hydrogen,  hence  it  is  not  suitable  for  illuminating 
manufacturing  establishments  where  currents  of  air  are  unavoidable. 

Lately,  while  traveling  through  Colorado,  I  was,  more  than  ever 
before,  impressed  by  "  the  testimony  of  the  rocks,"  with  the  vast  periods 
of  time  which  must  have  elap^^ed  during  the  formation  of  the  present 
earth's  surface.  Among  the  mountains  are  found  petrified  forests,  fossil 
leaves,  birds  and  fishes  in  formations  which  undoubtedly  are  of  recent 
origin,  comparatively  speaking,  but  which  must  have  existed  for  untold 
ages,  yet  were  evidently  formed  since  the  upheaval  of  the  mountains, 
belonging  probably  to  the  geological  period  known  as  Eocene,  or  perhaps 
a  little  later.  At  the  base  of  the  mountains  we  find  the  outcrop  of  coal,, 
not  the  coal  of  the  carbonaceous  period,  but  the  more  recent  cretaceous 
coal  or  lignite  variety.  This  coal  has,  in  places,  an  almost  vertical  posi- 
tion, showing  it  to  have  been  upheaved,  also  showing  it  to  have  been  a 
perfect  formation  before  the  upheaval  of  the  mountains.  Notwithstand- 
ing these  incomprehensible  periods  of  time  which  must  have  passed  since 
the  great  disturbance  occurred  which  formed  these  mountains,  not  the 
slightest  appearance  exists  which  would  indicate  that  any  decomposition 
or  alteration  had  taken  place  in  these  coal  deposits  since  that  time. 
Below  these  deposits,  or  anterior  to  them,  we  had  the  formation  of  our 
carboniferous  strata,  our  sub-carboniferous  shales,  thousands  of  feet  in 
thickness,  until  after  a  bewildering  length  of  time,  we  arrive  in  retro- 
grade at  the  Devonian  period  or  age  of  fishes,  during  which  the  Huron 
shales  were  deposited  and  the  formation  of  gas  in  paying  quantities 
began. 

It  is  believed  by  geologists  that  all  of  this  fossil  or  natural  gas  is  the 
result  of  the  decomposition  of  the  organic  matter  contained  in  the  Huron 
shales.  This  is  only  in  part  true,  or,  perhaps,  not  true  at  all.  The  fact 
is  that  this  gas  is  formed  whenever  and  wherever  organic  matter  is  sub- 
jected to  the  continued  action  of  water,  and  under  favorable  circum- 
stances, such  as  a  temperature  of  60°  or  more,  the  formation  is  quite 
rapid.  So  we  find  natural  or  marsh  gas  almost  everywhere.  Itisoneof 
the  most  universally  present  substances  known.  It  rains  to-day,  a  pool 
of  stagnant  water  accumulates  and  to-morrow  if  we  stir  the  mud  at  the 
bottom,  bubbles  of  natural  gas  escape  and  rise  to  the  top  of  the  water. 
"We  find  large  tracts  of  land,  which,  though  perfectly  safe  to  walk  upon, 
tremble  with  each  step  with  an  undulatory  motion  like  that  of  water. 
A  more  or  less  thin  stratum  of  soil  composed  almost  entirely  of  vegetable 
matter  float?  on  the  surface  of  water  in  consequence  of  the  lightness  due 
to  a  large  quantity  of  natural  gas  entangled  in  it.  The  gas  escapes  when 
of  sufficient  quantity  to  raise  the  soil  above  the  level  of  the  water.  If 
such  a  soil  could  be  covered  with  a  stratum  of  plastic  clay  we  should  have 
the  conditions  necessary  for  the  formation,  storage  and  purification  of 
the  gas  as  they  existed  when  oar  gas  producing  districts  were  being 
formed,  the  carbonic  acid  naturally  present  beine  carried  away  by  a  sort 
of  exosmosis  f)rocess.  The  *'  mud  lumps"  at  the  mouth  of  the  Mississippi 
are  no  doubt  due  to  accumulitions  of  this  gas  in  quantities  sufficient  to 
form  small  craters  communicating  with  the  organic  deposits  buried 
beneafeh  the  sand  and   mud  brought  down  by  the  stream  (see  "Lisle'»^ 
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Princ.  of  Geol.,"  vol.  i.,  page  448).  Mr.  Whitelaw  informs  me,  that  while 
constjucting  the  tunnel  under  the  lake,  to  procure  water  for  the  city  not 
contaminated  by  shore  influences,  he  encountered  such  quantities  of  gas 
that  a  special  conduit  was  put  in  to  convey  it  to  the  mouth  of  the  tunnel, 
where  it  was  ignited  and  burned  during  the  summer  until  the  work  was 
completed.  This  gas,  like  that  at  the  Mississippi's  mouth,  probably 
emanates  from  organic  matter  brought  down  and  deposited  by  the  river, 
the  tunnel  and  crib  being  located  nearly  opposite  the  original  river's 
mouth,  but  it  may  come  from  the  shales  which  lie  only  a  few  feet  below. 
Gas  occurs  in  nearly  all  coal  workings  of  whatever  period,  particularly 
where  the  workings  are  deep  below  the  surface.  This  is  where  we  should 
have  expected  the  greatest  quantity,  since  the  quantity  of  organic  matter 
deposited  must  have  been  immense,  and  subjected  to  those  conditions 
most  favorable  for  gas  production.  But  the  conditions  necessary  for  its 
storage  were  wanting,  and  it  escaped  much  the  same  as  it  does  from  our 
peat  beds  and  quaking  bogs  at  present. 

It  is  evident  then,  tlaat  no  particular  geological  period  monopolized  the 
gas  producing  process.  Every  age  after  the  Azoic  tried  its  hand  at  it, 
but  most  of  them  wasted  the  precious  fuel  almost  as  fast  as  it  was 
formed,  so  that  the  great  source  from  which  we  must  obtain  it  is  the 
Huron  shale,  which  immense  deposit  of  vegetable  and  animal  matter 
was  deposited  deep  down  in  the  Devonian  sea,  with  sufficient  clay  mud 
to  make  it  impervious  to  gas  or  water,  several  hundred  feet  in  thickness. 
The  gas  formed  immediately  (geologically  speaking),  the  same  as  it  would 
to-day  if  similarly  deposited,  and  the  clay  prevented  its  escape.* 

Ages  upon  ages  probably  elapsed  before  this  condition  of  things  was 
disturbed.  The  clay  indurated  into  shale  holding  the  brownish  organic 
matter  as  an  unchanging  component  part— convulsions  of  nature  took 
place  which  in  these  regions  were  comparatively  slight,  but  further 
south  and  east  were  very  violent,  so  that  while  here  the  rocks  lie  nearly 
level,  there  they  were  rent  and  tumbled  about,  forming  hilly  and  mountain- 
ous country.  Probably  these  disturbances  took  place  under  water,  else 
the  gas  would  have  escaped.  Aside  from  these  disturbances  other  fac- 
tors of  a  physical  and  geological  nature  must  enter  into  the  problem  of 
accounting  for  the  immense  quantities  of  gas  met  with  in  the  southeastern 
part  of  Ohio  and  western  parts  of  New  York,  Pennsylvania  and  Virginia. 
There  a  more  porous  rock  favorable  to  the  transmission  of  fluids  exists. 
There,  also,  has  been  internal  heat,  which  has,  in  all  probability,  expelled 
by  destructive  distillation  the  volatile  portions  of  the  deposit.  Of  thi 
we  have  proof  in  the  anthracite  coal,  the  distilled  products  of  which 
may  possibly  have  been  added  to  those  from  below.  This  influence 
alone  would  tend,  under  favorable  conditions  for  storage,  to  immeasura- 
bly increase  the  quantity  to  be  obtained,  and  would  probably  affect  the 
quality.  Oil  and  gas  would  be  simultaneously  disengaged  in  quantities 
varying  with  the  intensity  of  the  heat  and  in  quality  regulated  like- 
wise. 

In  an  experiment,  made  to  determine  whether  heat  is  playing  or  ha 

*  Note —Prof  Morley  criticised  this  by  saying  H-at  th»^  formatinn  of  gis  would  be 
muc'i  slo^ver  than  the  pbraseoloery  of  the  pa^er  would  indicate  The  formation  of  gas 
wuuld  go  on  s/oifZ«/for  a  io/i<7  time,  and  is  perhaps  bemg  formed  slowly,  very  slowly 
now,  he  thinks. 
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played  an  important  part  in  the  production  of  gas,  I  subjected  soraeof  the 
shale  borings  of  a  weU,  then,  at  the  depth  of  1,150  feet,  to  the  following 
experiments.  A  small  glass  retort  filled  with  300  grains  of  the  previously 
dried  and  pulverized  shale  was  subjected  to  a  gradually  increasing  heat 
until  the  thermometer  registered  510'Fah.  No  gas  or  other  volatile  mat- 
ter, except  one  grain  of  water,  vt^ere  noticed.  One  thousand  grains  of 
the  same  were  then  put  into  an  iron  retort  and  exposed  to  a  very  gradually 
increasing  heat  in  a  muffle,  the  products  of  distillation  being  passed 
through  a  tube  immersed  in  a  freezing  mixture  to  insure  condensation. 
The  first  distillate  was  water  ;  then  water  mixed  with  a  nearly  colorless 
oil,  the  heat  being  still  below  red  visible  in  the  dark  ;  at  a  red  heat  just 
visible  much  water  still  distilled,  accompanied  by  oil  of  a  yellow  color 
and  gas,  the  odor  of  which  was  almost  unbearable  and  clearly  indicated 
its  animal  origin.  The  result  of  the  experiment  in  tabular  form  would 
be  thus  : 

Water  (per  cent.) 4  9.5 

Oil  (per  cent.) l."o 

Gas  (per  cent  ) 4.75 

Total  volatile 10  2.5 

Residual  carbon 6.40 

Total  organic V2.30 

It  would  seem  from  this  experiment  that  the  oil  is  possibly  already 
formed  and  not  the  product  of  destructive  distillation;  but  that  has  not 
yet  been  determined.  But  it  is  evident  that  neither  gas  nor  oil  are  being 
formed  at  the  present  time  by  the  aid  of  heat,  nor  does  it  seem  probable 
that  they  ever  were  formed  in  that  manner  in  this  part  of  the  country. 
The  temperature  in  all  gas  wells,  and  mains  conveying  it  underground, 
both  here  and  in  Pennsylvania,  as  far  as  I  can  learn,  is  about  45''  Fah, 
We  are  therefore  forced  to  conclude  that  no  gas  is  now  being  formed, 
■except  in  very  recent  deposits,  and  that  no  gas  has  been  formed  in  the 
strata  on  which  we  depend  for  our  supply,  for  perhaps  millions  of  years, 
since  we  cannot  conceive  of  organic  remains  such  as  we  find  deposited 
there  undergoing  any  further  decomposition,  or  of  resisting  the  ordinary 
tendency  to  decay  for  more  than  a  few  centuries  at  most.  Still,  like  in  a 
great  many  other  geological  problems,  no  matter  which  way  we  turn,  we 
are  impaled  upon  the  horn  of  a  dilemma.  We  find  that  nature  for  un- 
told centuries  has  been  wasting  this  wonderful  fuel  through  innumerable 
fissures  in  the  rocks.  We  find  the  "  eternal  fires"  of  Baku  fed  by  it  from 
the  remotest  timeS.  We  find  that  the  Chinese,  that  people  who  were 
formerly  always  first  in  every  industry  and  now  nearly  last  used  it  long 
ages  ago  for  heating  and  lighting  and  use  it  still.  'Tis  said  their  wells 
are  3,000  feet  deep.  In  later  limes  came  the  American  money-hunter, 
that  restless  variety  of  the  genus  homo,  who  pierced  the  earth's  crust 
with  holes  in  search  of  oil,  and  feeling  grieved  because  enormous  quanti- 
ties of  gas  only  requited  their  labor,  abandoned  the  places 
and  left  holes  nearly  six  inches  in  diameter,  through  which 
gas  at  unknown  pressure  has  been  escaping  constantly  for  years.  I  think 
I  am  within  bounds  when  I  state  that  thousands  of  these  wells  are  giv- 
ing off  gas  at  the  rate  of  millions  of  cubic  feet  per  day.  It  has  been 
proved  by  experiment  that  gas  will  travel  through  a  5f  inch  tubo  at  the 
rate  or  velocity  of  23,000  feet  per  minute  with  a  pressure  of  20  inches  of 
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water.  At  that  rate  I  estimate  that  the  flow  would  be  about  5,800,000 
cubic  feet  Der  day,  and  would  weigh  considerably  more  than  100  tons. 
About  40,000  tons  would  be  delivered  in  a  year.  Now,  if  the  estimate  of 
a  thousand  producing  wells  be  not  too  large,  we  should  have  a  yearly 
output  of  over  40,000,000  of  tons  of  gas,  or  1,840  billions  of  cubic  feet  at 
atmospheric  pressure.  Of  course,  under  the  pressure  at  which  it  is  con- 
fined, of  several  hundred  pounds  per  square  inch,  it  would  occupy  but  a 
small  portion  of  this  space.  But  if  it  were  compressed  until  it  became 
liquid,  it  could  not  have  a  density  so  great  as  water,  and  would  still  occupy 
more  than  a  billion  cubic  feet  of  space. 

We  are,  therefore,  forced  to  one  or  two  of  these  conclusions,  viz.  : 
Either  gas  is  being  produced  by  some  unknown  process,  or,  the  supply 
being  wasted,  has  been  overestimated  ;  or  that  the  supply  will  soon  be 
exhausted  at  its  present  rate  of  consumption.  The  two  latter  conclu- 
sions are  probably  the  true  facts  of  the  case,  but  the  latter  is  the  more 
important.  Immensely  productive  wells  will  cease  to  be  known  in  a 
few  years,  and  those  districts  which  are  now  the  most  productive  will 
be  soonest  exhausted.  Already  we  learn  of  the  failure  of  noted  wells. 
Already  noted  districts  are  becoming  unproductive.  Careful  and  con- 
servative engineers  are  advocating  laws  regulatmg  the  sinking  of  wells 
and  the  more  economical  use  of  the  gas.  At  Erie,  Pa.,  where  gas  has 
been  used  for  a  great  many  years,  the  supply  has  fallen  off  to  such  an 
extent  that  it  is  now  being  piped  into  the  city  from  a  distance.  lam 
informed  that  the  Fmdlay  wells  are  not  so  productive  since  so  many 
have  been  sunk;  but  the  Findlay  people  deny  it.  In  fact,  it  seems  im- 
possible to  obtain  correct  information  on  this  subject,  because  noth- 
ing is  published  unless  it  is  of  an  extraordinary  nature,  and  failures  are 
hidden  by  parties  who  either  wish  to  humbug  themselves  or  some  one 
«lse. 

It  has  been  demonstrated  that  if  we  in  Cleveland  wish  to  enjoy  the 
general  use  of  natural  gas  we  must  import  it  from  some  one  of  the  more 
productive  fields,  which  are,  unfortunately,  a  long  distance  for  such  an 
enterprise.  Large  numbers  of  wells  have  been  sunk  here  with  varying 
success,  though  of  a  more  uniform  character  than  in  other  places.  I 
have  yet  to  learn  of  a  well  which  has  not  given  gas  when  sunk  to  a  depth 
of  700  feet.  Most  of  them  give  gas  soon  after  striking  the  rock,  and 
some  of  them  give  it  while  passing  through  the  gravel  which  lies  upon 
the  rock,  but  none  of  them  give  it  in  what  would  be  paying  quantities  if 
used  for  fuel. 

The  following  description  of  a  few  of  these  wells  is  that  of  all,  and 
may  be  of  interest.  The  well  sunk  by  Messrs.  Lamson  and  Sessions  at 
their  residences  on  Jennings  avenue,  to  supply  their  houses,  is  chosen 
partly  on  account  of  its  being  a  typical  well  and  partly  because  it  came 
under  my  notice  every  day  from  its  beginning  until  the  present  time. 
This  well  has  an  8  inch  "drive-pipe,"  with  5|  casing,  fitted  at  bottom 
with  seed  bag  and  cemented  between  the  pipes  to  prevent  blowing 
out.  The  drive-pipe  was  driven  220  feet  before  rock  was  struck. 
Oas  began  to  flow  when  the  rock  (or  shale)  had  been  pierced 
a  few  feet,  but  in  small  quantities,  and  though  the  diilling  was  continued 
to  a  depth  of    about  1,200  feet,  little  if  any  more  gas  appeared  and  no 
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"  blowers"  were  struck.  The  well  Has  since  been  torpedoed,  without  in- 
creasing the  flow.  The  whole  product  of  this  well  is  not  sufllcient  for 
one  house  in  winter,  and  will  not  be  more  than  enough  for 
both  in  summer.  The  same  parties  sank  a  well  at  their  extensive 
bolt  and  nut  factory  on  Scranton  avenue  about  two  or  three  hundred 
yards  from  that  just  described,  and  on  ground  about  50  or  60  feet  lower. 
It  has  the  same  general  dimensions  §ind  construction,  and  was  driven  108 
feet  before  striking  rock.  Gas  flowed  from  the  gravel  before  striking 
ruck  and  increased  with  depth,  striking  occasional  "blowers,"  until  at  a 
depth  of  about  800  feet  one  of  immense  size  was  struck  which  must 
have  contained  gas  at  a  pressure  of  100  pounds  per  square  inch.  It  blew 
violently  from  the  well  for  twenty-four  hours,  after  which  it  gradually 
subsided  to  its  former  condition.  No  more  gas  was  struck,  though  the 
boring  was  continued  to  a  depth  of  950  feet.  This  well  is  among  the  best 
in  this  locality,  its  production  being  about  18,000  cubic  feet  ner  day  of 
gas  whose  density  is  .689,  free  from  carbonic  acid,  and  absolutely  free 
from  sulphur.  A  brief  notice  of  the  well  belonging  to  Hon.  Joseph  Poe, 
near  Brooklyne  Village,  may  be  of  interest.  Gas  springs  have  been 
known  for  years  in  that  locality,  which  manifested  themselves  by  bub- 
bling up  through  the  water  of  Big  Creek.  Mr.  Poe  selected  a  spot  for 
the  well  near  one  of  these  springs  and  has  been  rewarded  by  a  copious 
supply  of  this  luxurious  fuel,  which  besides  being  sufiScient  to  warm 
and  light  his  residence  in  a  most  comfortable  manner,  and  to  illuminate 
his  extensive  grounds  by  lamps  which  are  never  extinguished, 
has  an  overflow  at  the  safetj  valve  which  Mr.  Poe  estimates 
would  perform  four  times  as  much  more  duty.  But  the  pecu- 
liarity for  which  I  selected  this  well  was  the  great  number  of 
"  blowers  "  struck,  and  the  enormous  quantity  of  gas  stored, 
in  them  at  incredible  pressure.  Mr.  Poe  tells  me  that  no  less  than 
twenty-eight  of  these  unaccountable  collections  of  gas  were  encoun- 
tered while  drilling  to  a  depth  of  750  feet.  The  twenty-seventh  blower 
was  struck  in  October,  1884.  The  pressure  was  so  great  that  it  started 
the  heavy  boring  tools  up  about  20  feet,  where  they  jammed  on  the 
rope.  The  gas  blew  so  violently  that  work  was  suspended  until  March  1 
following.  The  depth  was  then  600  feet.  On  March  4,  1885,  at  a  depth 
of  750  feet,  during  the  time  of  the  President's  inauguration,  the  boring 
tools  were  shot  from  the  well  as  if  by  an  explosion.  The  heavy  walking 
beam  (a  stick  of  timber  8  X  16)  was  broken  like  a  reed,  and  the  tools* 
and  rope,  weighing  in  all  nearly  a  ton,  were  projected  into  the  air  two 
hundred  feet  above  the  tops  of  the  trees  on  top  of  the  hill,  in  all  about 
three  hundred  feet,  with  a  roar  as  deafening  as  a  cannon.  Mr.  Poe,  being 
a  good  Democrat,  feels  proud  that  his  well  should  have  celebrated  the 
culmination  of  his  party's  triumph  in  such  a  handsome  manner,  though 
it  wasted  at  least  a  thousand  tons  of  gas,  which  would  have  been  suflS" 
cient  fuel  for  all  of  Brooklyne  village  for  a  year.  The  imperviousness 
of  this  shale  to  even  such  a  subtle  fluid  as  gas  under  such  enormous^ 
pressure  is  well  illustrated  by  this  example.  Not  only  is  there  no  com- 
munication between  these  blows,  but  no  admonition  was  given  in  the 
way  of  increased  flow,  or  of  any  hissing  noise  which  would  indicate 
leakage.     Not  only  this,  but  the  springs  which   induced   Mr.  Poe  to  bore 
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in  this  particular  spot,  flow  to-day  just  the  same  as  they  did  before.  It 
is  evident,  then,  that  a  few  feet  of  this  substance  is  sufficient  to  im- 
prison gas  for  all  time. 

Among:  the  most  remarkable  wells  sunk  for  gas  in  this  neighborhood 
might  be  mentioned  that  of  the  Cleveland  Rolling  Mill  Company,  wnich. 
so  far  as  one  test  can  demonstrate  anything,  proves  the  futility  of  prob- 
ing the  earth  in  this  vicinity  for  large  quantities  of  gas.  This  company 
has,  with  commendable  perseverance,  bored  to  a  depth  of  3,150  feet,  at 
which  depth  gas  was  obtained,  but  not  in  paying  quantities.  Between 
2,200  and  2,300  feet  some  gas  and  some  oil  were  obtained.  At  750  feet,  in 
the  Huron  shale,  some  gas  were  obtained,  as  is  usual. 

It  has  been  demonstrated,  and  without  demonstration  would  be  ad- 
mitted as  a  fact,  that  as  a  fuel  this  gas  stands  without  a  rival.  Its  purity* 
cleanliness  and  adaptability  have  *  evolution ized  some  industries,  and,  when 
continuous,  is  a  great  luxury  for  domestic  uses.  But  it  has  an  almost 
uncontrollable  nature.  It  seems  almost  impossible  to  make  pipes  so  tight 
or  so  strong  that  they  will  not  leak  or  break,  even  where  the  distance  from 
the  source  is  small,  but  how  much  greater  will  be  the  trouble  when  the 
distance  is  as  great  as  Cleveland  is  from  a  productive  field  ?  I  am  of  the 
opinion  that,  considering  the  difficulty  and  expense  of  bringing  it,  the 
uncertainty  of  its  continuance,  and  the  danger  attending  not  only  its  use 
but  its  presence  (it  kills  more  than  gunpowder),  it  will  be  better  to  do 
without  natural  gas. 

DISCUSSION  OF  MR.  W^OOD'S  PAPER  ON  NATURAL  GAS. 

Prof.  E.  W.  Morley:  I  would  like  to  ask  Mr.  Wood  whether  he  does 
not  thiiik  that  the  evidence  is  in  favor  of  calling  these  coals  Eocene 
rather  than  Cretaceous.  In  regard  to  Mr.  Wood's  supposition  that 
natural  gas  was  formed  almost  immediately  after  the  deposit  of  the  or- 
ganic matter,  I  take  a  view  somewhat  different.  We  know  that  it  is 
now  under  a  high  pressure.  It  could  not  have  accumulated  to  anything 
like  the  present  pressure  till  it  was  covered  with  a  stratum.  Since  such- 
covering  would  require  a  long  time  to  accumulate,  it  would  indicate  that 
the  process  of  formation  was  much  slower.  Some  gas,  of  course,  is  pro- 
duced at  once,  but  the  process  goes  on  with  greatly  decreasing  velocity 
for  a  very  long  time,  till  finally  it  may  almost  stop.  It  seems  to  me  that 
we  are  to  conceive  of  that  organic  matter  beiiinning  to  decay  at  once, 
and  for  a  while  gas  escaped;  but  it  was  a  slow  process.  Then  sediments 
covered  this  200,  300,  500  feet  thick.  After  a  time  the  thickness  became 
so  great  that  no  gas  was  permitted  to  escape  except  through  fissures. 
The  material  covering  is  shale.  If  that  shale  be  fissured,  the  fissure  doeg 
not  remain.  It  is  compressed.  The  shale  is  plastic,  it  is  like  putty  un- 
der pressure. 

Mr.  Wood  :  With  regard  to  the  pressure,  I  conceive  that  it,  is  due  to 
the  superimposed  matter,  and  not  to  the  generation  of  gas.  Prof. 
Morley  thinks  that  it  is  due  to  the  generation  of  gas  ;  my  belief  is  that  it 
is  due  to  the  weight  of  matter  upon  it.  If  Prof.  Morley  conceives  that  it 
could  have  escaped  the  moment  that  it  was  generated,  that  is  another 
thing.  I  think  that  it  could  not  have  so  escaped.  That  matter  is  like  a 
loaf  of  bread — it  works  up  and  becomes  light,  and  continues  to  contain 
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gas.  Another  deposit  will  put  it  under  some  pressure,  and  as  deposits 
increase,  the  pressure  increases,  but  the  gas  does  not  escape. 

Prof.  Morley  :  I  do  not  mean  to  imply  that  some  gas  was  not  produced 
soon.     I  think  the  main  quantity  of  gas  has  been  produced  slowly. 

Mr.  Wood  :  Does  Prof.  Morley  think  that  the  hydrocarbons  existing  in 
the  ground,  such  as  coal  and  the  organic  matter  which  is  a  component 
part  of  this  Huron  shale,  can  undergo  no  furiher  decomposition,  or  does 
he  hold  to  the  opinion  that  they  are  still  being  formed  into  gas? 

Prof.  Morley  :  We  know  that  the  temperature  increases  as  we  descend. 
We  know  the  rate  to  be  one  degree  F'ahrenheit  for  48  or  50  feet.  If  we  go 
down  1,000  feet  we  have  an  increase  of  20  degrees  of  temperature.  Under 
a  temperature  of  75  degrees  it  is  possible  for  gas  to  be  produced  slowly. 
Suppose  that  we  have  a  loaf  of  bread  and  there  be  generated  in  it  10  gal- 
lons of  gas,  it  would  escape  through  the  pores  or  blow  up  the  loaf  unless 
we  could  cover  it  with  some  matter  that  would  resist  the  pressure. 
Now,  if  you  put  it  100  or  500  feet  below  the  ground,  you  keep  the  loaf 
impervious.  A  quantity  of  gas  would  remain  in  it,  but  you  must  have 
the  means  of  supplying  pressure. 

Mr.  Wood  :  We  agree  in  the  essential  details,  but  not  in  the  matter  of 
time.  I  conclude  that  gas  would  be  generated  in  about  100  years,  or 
geologically  speaking,  immediately. 

Prof.  Morley  :  I  would  say  that  100,000  years  might  be  considered 
''•immediately." 

Mr,  Rice  :  What  would  be  the  effect  of  increase  of  pressure  on  the  for- 
mation of  gas? 

Mr.  Wood  :  Increase  of  pressure  would  oppose  the  formation  of  gas. 
If  the  pressure  were  sufficient  no  gas  could  form.  We  do  not  know  at 
what  pressure  marsh  gas  becomes  liquid,  but  under  erufficieut  pressure 
there  could  be  none  formed. 

Mr.  Searles  :  The  paper  speaks  of  thn  formation  of  gas  in  shales  as  if 
they  were  the  only  sources.  It  is  known  that  gas  is  found  in  other  rocks 
than  shale.  The  Findlay  gas  is  found  in  Trenton  limestone.  Gas  is  also 
found  in  sandstone.  The  depth  is  somewhat  uniform  from  the  surface. 
The  Findlay  wells  range  from  1,100  to  1,200  feet.  The  great  mass  of 
wells  run  averaging  from  500  to  3,000  feet.  Admitting  it  to  be  a  fact 
that  the  stratum  of  gas  is  such  a  depth  below  the  surface,  it  would  seem 
as  if  there  was  equilibrium  of  nature  below  the  surface  wh^re  materials 
are  at  hand  for  the  formation  of  gas.  Gas  in  one  stratum  does  not  com- 
municate with  that  in  another.  Where  water  and  oil  are  found  with  gas 
in  the  sam»»  well,  the  natural  order  may  be  reversed.  The  subject  is  ably 
treated  in  a  paper  by  Mr.  Charles  Paine,  which  has  been  presented  to  the 
Club  this  evening.  It  was  predicted  that  our  oil  wells  would  be  ex- 
hausted, but  we  know  that  our  oil  industry  is  to-day  of  greater  importance 
than  when  the  prediction  was  made,  and  in  like  manner  the  predictions 
with  regard  to  the  decrease  in  the  suppl}'^  of  gas  may  not  be  verified,  the 
^as  interest  may  continue  to  increase  in  importance. 

Mr.  Wood  :  I  think  that  Mr.  Searles  will  find  that  I  said  that  the  place 
where  you  will  find  most  gas  is  in  the  porous  rock,  as  it  undoubtedly 
furnishes  means  for  conveying  and  storing  gas.  The  reason  that  we 
have  no  gas  here  is  because  we  have  no  porous   rock.     The  moment  we 
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bore  through  the  different  strata  of  shale,  the  gas  in  the  immediate 
vicinity  escapes,  but  the  soft  rock  obstructs  that  from  beyond.  Oq  the 
other  hand,  the  porous  rock  is  suflaciently  strong  to  bear  up  and  form  a 
passage  for  the  gas  to  get  to  the  well  and  make  an  exit. 

Mr.  Searies  :  As  the  Findlay  gas  is  obtained  in  limestone,  it  must  be 
porous  or  have  cavities. 

Prof.  Morley :  If  it  is  found  in  limestone  it  is  because  the  well 
strikes  a  fissure.  If  it  should  go  down  even  in  porous  sandstone  without 
striking  one,  it  would  not  get  much  gas.  Suppose  your  well  is  fortunate 
enough  to  strike  a  fissure  that  has  a  surface  of  half  a  square  mile,  you 
would  then  have  a  large  territory  to  draw  from,  and  a  large  and  contin- 
uous supply  would  result.  Even  porous  rock  will  not  give  a  great  sup- 
ply unless  you  strike  a  fissure,  because  the  resistance  soon  become* 
too  great  to  drain  a  large  territory  where  so  small  a  surface  is  ex- 
posed. 

Mr.  Wood  :  In  all  the  wells  in  this  vicinity  we  obtain  what  are  called 
"blowers."  I  cannot  understand  what  they  are.  In  my  first  experi- 
ence with  wells  I  thought  they  were  fissures,  but  I  becarav^  satisfied  that 
fissures  could  not  exist  there.  These  blowers  are  almost  all  struck  at  a 
certain  depth.  The  principal  blower  in  this  county  was  struck  at  about 
750  feet.  I  could  detect  no  difference  between  what  was  brought  up 
from  it  and  the  other  matter,  unless  it  was  just  after  it  had  gone  through 
a  black  shale  and  had  got  into  blue  shale.  It  is  a  question  whether  the 
alternation  of  black  and  blue  shale  is  due  to  a  difference  in  deposit,  or  to 
the  shale  being  decomposed.  If  it  is  due  to  the  organic  matter  being  de- 
composed so  as  to  render  the  shale  a  light  color,  it  may  be  that  gas  is 
still  being  formed  by  some  unknown  process  of  decomposition.  I 
have  found  a  singular  piece  of  shale,  blue  on  one  side  and  brown  on 
the  other. 

Mr.  Hollo  way:  The  paper  of  the  evening  was  entitled  "  Natural  Gas.'* 
The  discussion  so  far  has  treated  only  of  the  lighter  gas.  It  is  well- 
known  that  there  is  a  natural  gas,  especially  about  coal  mines,  called 
choke  damp,  a  gas  which  is  not  inflammable,  but  which  will  extinguish 
flame.  I  would  like  to  ask  what  is  the  difference  in  these  gases?  I 
would  like  to  know  what  is  the  difference  in  the  component  parts  of  the 
gas? 

Mr.  Wood  :  It  is  very  natural  that  people  who  have  not  made  the  sub- 
ject a  special  study  should  wonder.  Gases  look  alike.  Marsh  gas  often 
accumulates  in  mines  and  explodes,  then  comes  choke  damp,  which  is  a 
result  of  the  combustion  of  the  other  gas,  which  is  carbonic  acid  or  car- 
bonic oxide.  The  choke  damp  naturally  formed  and  this  are  the  same, 
and  the  difference  in  the  component  parts  is  in  the  oxygen  and  hydrogen. 

Prof.  Morley  :  It  is  always  carbonic  acid  which  is  produced  in  the 
mine.  In  the  nature  of  the  case  there  would  be  an  excess  of  air,  for  you 
would  have  an  explosive  mixture  which  would  not  be  set  on  fire  if  any- 
carbonic  oxide  were  formed;  hence,  carbonic  oxide  i*:  impossible. 

Mr.  Holloway  :  If  the  gas  is  carbonic  acid,  is  it  not  still  natural  gas? 

Mr.  Walker  :  Mr.  Wood  has  told  us  of  gases  that  have  a  strong  smell. 
The  gas  about  Pittsburgh  is  odorless. 

Mr.  Wood  :  I  did  not  say  that  the  gas  was  strong  smelling,  but  that  the 


324  ASSOCIATION  OF  ENGINEERING  SOCIETIES. 

product  of  distillation  of  the  shale  had  a  strong  smell.  In  this  neighbor 
hood  the  odor  of  the  gas  is  quite  strong.  They  say  that  Pittsburgh  gas 
has  no  odor  except  when  it  is  fresh  from  the  well,  then  it  has  a  slight 
odor.  I  had  a  paper  which  claimed  that  by  standing,  the  part  which  has 
odor  and  is  a  liquid  hydrocarbon  condensed  and  left  the  remaining  gas 
without  odor.  I  am  of  the  opinion  that  the  vapor  of  such  light  hydro- 
carbons w  hich  may  become  dissolved  in  the  gas  would  never  be  precipi- 
tated again  except  by  extreme  cold. 

Mr.  Walker  :  There  has  been  some  attempt  to  odorize  the  gas  in  Pitts- 
burgh. At  an  engineers'  meeting  there  there  was  an  attempt  to  odorize 
it  by  using  bi-sulphide  of  carbon. 

Mr.  Gobeille  :  I  think  the  most  important  question  that  has  been 
broached  is  as  to  whether  ihe  supply  is  permanent  or  not.  For  a  time 
the  manufacturers  in  the  gao  regions  sent  out  stoves  for  natural  gas  only, 
but  I  have  noticed  lately  that  they  are  manufacturing  them  for  coal  also. 
There  appears  to  be  a  good  deal  of  uncertainty  with  regard  to  the  supply 
-continuing. 

Mr.  Baker  :  I  understand  that  in  Pittsburgh  and  other  places  the  supply 
has  been  treated  as  if  practically  inexhaustible. 

Mr.  Searles  :  I  have  no  doubt  that  it  is  both  exhaustible  and  inexhaust- 
ible, according  to  the  territory.  Doubtless  if  the  theory  is  true  that  gas 
is  purely  of  organic  remains  deposited  near  the  surface,  then  the  supply 
may  stop  ;  but  if  there  is  some  grand  laboratory  of  nature  far  down,  our 
globe  is  lar^e  enough  to  furnish  gas  as  long  as  the  race  remains.  There 
may  be  two  sources,  one  near  the  surface  and  the  grander  reservoir 
further  down.  We  have  evidence  of  some  wells  which  give  no  signs  of 
-exhaustion.  Mr.  Neff's  wells  have  been  blowing  off  for  fourteen  years 
and  are  as  strong  as  ever.  The  well  on  the  Caspian  Sea  and  those  in 
China  are  in  working  order  to-day.  It  is  evident  that  some  wells  are 
exhausted  in  a  short  time  and  that  others  continue,  and  the  cause  of  the 
difference  requires  much  investigation. 

Mr.  Latimer  :  In  relation  to  the  gaa  supply  at  East  Liverpool  I  have 
information  from  observation.  The  town  has  been  lighted  for  years 
from  the  product  of  shallow  wells  about  600  feet  deep,  and  this  required 
the  boring  of  a  number  of  wells.  Last  year  a  larger  well  was  formed 
southward  eight  or  ten  miles,  which  has  given  a  better  supply.  I  must 
refer  to  the  divining  rod  to  give  my  theory.  By  means  of  it  I  find  that 
in  no  case  is  water,  gas  or  oil  continuous  anywhere.  The  gas  veins  are 
in  columns,  and  I  find  that  the  gases  are  generated  at  a  great  depth. 
With  regard  to  the  well  at  Newburgh,  you  know  that  I  predicted  the 
depth  at  which  the  gas  would  be  struck,  and  I  was  proved  correct.  I 
wrote  to  Prof.  I.  C.  White,  of  Morgantown,  W.  Va.,  and  he  said  that  gas 
should  be  found  at  from  1,500  to  2,000  feet  below  the  great  salt  beds. 
They  found  200  feet  of  rock  salt  in  that  Newburgh  well.  He  said  that 
the  horizon  of  the  great  gas  seams  was  the  same  as  that  at  Findlay,  and 
that  the  horizon  of  the  Findlay  wells  was  several  hundred  feet  yet  below 
where  they  are  at  the  Cleveland  Polling  Mill  Company's  well. 

Mr.  Wood  :  What  is  the  coloring  matter  of  the  sand  rock  last  struck 
at  the  Newburgh  well? 

Mr.  Latimer  :  It  is  black,  and  when  put  in  to  the  fire  it  snaps  like  salt- 
petre.   They  passed  through  saltpetre. 
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Mr.  Wood:  I  should  like  to  test  it  to  see  whether  it  is  organic  matter. 
Its  snapping:  does  not  indicate  anything.  It  would  seem  like  magnetic 
oxide  of  iron  from  your  description. 

Mr.  Latimer:  I  have  found  indications  of  gas  in  every  State  in  the 
country.  I  have  found  it  even  under  the  Capitol  at  Washington.  I 
think  that  the  members  are  sufficiently  acquainted  with  this  subject  of 
testing  by  the  divining  rod  to  know  that  it  is  not  a  superstition,  but  a 
scientific  question. 

Mr.  Baker:  Mr.  Latimer's  idea  of  the  formation  of  natural  gas  does 
not  appear  to  agree  with  Mr.  Wood's  theory  that  it  was  formed  princi- 
pally in  the  Huron  shales. 

Mr.  Latimer  :  I  did  not  say  that  it  was  not  formed  there,  but  that  it 
also  came  from  below. 

Mr.  Wood  :  I  think  that  people  generally  underrate  the  amount  of 
organic  matter  that  is  deposited  in  the  Huron  shale.  I  have  estimated 
that  if  it  were  all  solid  it  would  be  100  feet  thick.  It  is  animal  and 
vegetable  together.  We  know  that  there  were  organic  remains  before 
the  Devonian  period,  but  they  were  rare.  The  Devonian  or  fish  petiod 
was  the  greatest  previous  to  the  carboniferous  period. 
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WESTERN  SOCIETY  OP  ENGINEERS. 


July  5,  1887: — The  338th  meeting  was  held  at  8  p.  M.,  President  Artingstall  in 
the  chair. 

The  minutes  of  the  preceding  meeting  were  read  and  approved. 

A,  N.  Talbot,  Assistant  Professor  of  Mathematics  and  Engineering,  University 
of  Illinois,  Champaign,  111.,  was  elected  a  Member. 

Applications  for  mpmbership  were  received  from  Wm.  A.  Lydon,  Assistant  En- 
gineer Drainage  and  Water  Supply  Commission.  Chicago. 

Mr.  B.  Williams  offered  a  resolution  authorizing  the  President  to  appoint  dele- 
gates to  a  Convention  of  Engineering  Societies,  whenever  such  a  convention 
should  be  called,  as  proposed  by  the  Board  of  Mana-^ers  in  their  report,  pase  216 
Journal,  of  the  A  ssociation  of  Engineering  Societies,  1887.    Adopted. 

Mr.  Gottlieb  offered  a  resolution  authorizing  the  Librarian  to  secure  such  assist- 
ance as  he  may  de^n  necessary,  and  prepare  and  publish  a  catalogue  of  the 
library  of  the  Society,     i^dopted. 

The  Librarian  announced  the  receipt  of  the  last  edition  of  Trautwine's  '*  Engi- 
neer's Pocket  Book,"  and  "  The  Economic  Theory  of  the  Location  of  Railways,'*^ 
by  A.  M.  Wellington. 

A  paper  by  John  Lundie,  Notes  on  Concrete,  was  read  by  the  author,  and 
discussed  by  Messrs.  Artingstall,  Williams,  Gottlieb  and  others. 

lAdjoumed.']  L.  E.  Cooley,  Secretary  pro  tem. 


ENGINEERS'  CLUB  OF  MINNESOTA. 


July  30,  1887  :— Rpeular  meeting  of  the  Civil  Engineers'  Club,  of  Minnesota^ 
washeldat  City  Hall,  7:30p.  m.  Present,  President  Sublette,  Messrs.  W.  W. 
Redfield,  F.  C.  Deterlv,  G  S.  Houston,  Wm.  De  Le  Barre,  F.  W.  Cappelen,  W.  S. 
Pardee,  and  C.  L  Redtield. 

Minutes  of  last  meeting  were  read  and  approved. 

Mr.  Cappelen,  of  the  Committee  appointed  to  find  out  the  wishes  of  the  St.  Paul 
Club  relative  to  an  excursion,  reported  that  the  said  Club  woulJ  like  to  obtain  an 
individual  expression  of  Members  before  giving  an  opinion.  The  same  Committee 
was  continued  and  instructed  to  visit  the  St.  Paul  Club  at  its  next  meeting,  settling 
then  the  place  and  date  of  excursion.  On  motion,  Mr.  De  Le  Barre  was  added  to 
the  Committee.  The  Committee  was  further  instructed  to  see  to  the  matter  of 
transportation  at  that  meeting. 

Mr.  W.  W.  Redfipld  reported  the  receipt  of  several  letters  from  our  members 
designating  place  for  excursion.     On  motion  the  Club  decided  to  select  Chicago. 

The  Secretary  reported  that  a  copy  of  the  resolutions  relative  to  the  death  of 
Franklin  Cook  had  been  sent  to  the  family  of  the  deceased. 

The  Secretary  further  stated  that  an  assessment  is  necessary  to  meet  current 
expenses.    On  motion  of  Mr.  Houston  an  assessment  of  $5  per  member  was  made. 

The  Secretary  reported  that  the  printing  ordered  by  the  Club  at  a  previous 
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meeting  had  not  been  done,  it  having  been  found  that  the  Edison  repeating  method 
answered  a  good  purpose.    On  motion  the  printing  order  was  recalled. 

The  following  were  reported  as  candidates  for  membership  :  E.  Chrisman,  Min- 
neapolis, certified  to  by  F.  C.  Deterly  and  Wm.  W.  Redfield  ;  Fred.  Gr.  Corser, 
Minneapolis,  certified  to  by  G.  S.  Houston  and  F.  W.  Cappelen  ;  R.  Kenrick, 
Minneapolis,  certified  to  by  F.  W.  Coppelen  and  G.  W.  Sublette. 

The  president  read  a  report  of  his  visit  as  a  delegate  to  the  annual  convention  of 
the  American  Society  of  Civil  Engineers.  The  report  was  adopted  and  ordered 
printed  in  the  association  Journal.  Walter  S.  Pardee,  Secretary. 

[Adjourned  J] 


ENGINEERS'  CLUB  OF  KANSAS  CITY. 


July  5,  1887  :— A  regular  meeting  of  the  Engineers'  Club  of  Kansas  City  was 
held  at  8:00  p.  m.  in  the  club-room,  19  Deardorff  Building,  Vice-President  J.  A. 
L.  Waddell  in  the  chair. 

Those  present  were  Clift  Wise,  Wm.  H.  Breithaupt,  J.  A.  L.  Waddell,  Octave 
Chanute,  Clarence  A.  Burton,  A.  J.  Mason,  A.  E.  Swain,  John  Donnelly,  Ken- 
neth Allen  and  one  visitor. 

The  minutes  of  the  last  meeting  were  read  and  approved. 

On  motion  of  Mr.  Octave  Chanute  it  was  voted  :  That  the  regular  meeting  of 
the  Club  occurring  August  1  be  omitted,  and  that  in  its  stead  the  Club,  on  Mr. 
Chanute's  invitation,  visit  the  work  in  progress  at  that  time  of  the  crossing  of  the 
Chicago,  Santa  Fe  &  California  Ry.  over  the  Missouri  River  at  Sibley. 

It  was  suggested  by  the  Secretary  that  resolutions  of  respect  be  drawn  up  for 
Mr.  F.  M,  Harris,  late  Member  of  the  Club,  but  no  action  was  taken.  The  memoir 
of  Mr.  Harris,  promised  by  Mr.  L,  E,  Cooley,  not  having  been  received,  could  not 
be  presented,  as  expected. 

The  Secretary  presented  for  Mr.  H.  C.  Pearsons  his  regrets  at  finding  it  impossi- 
ble to  prepare  the  paper  on  "  Standard  Time"  which  he  had  promised. 

Mr.  Waddell  gave  notes  on  some  experiments  on  the  strength  of  cast  iron  cable 
yokes  made  in  St.  Louis  recently  by  Prof.  J.  B.  Johnson  and  himself. 

At  the  request  of  Mr.  Mason,  the  Secretary  read  abstracts  from  the  annual  ad- 
dress of  the  retiring  President  of  the  Engineers'  Club  of  Philadelphia. 

The  Secretary  presented  for  Mr,  G.  W.  Pearsons  a  set  of  excellent  photographs 
showing  the  progress  of  construction  on  the  new  Kansas  City  water-works  at 
Quindaro  and  Kaw  Point,  also  from  the  American  Soc.  C.  E.'s  reports  of  the 
various  committees  on  "  Standard  Time,"  with  other  papers  referring  to  the  sub- 
ject. 

Chas.  W.  Hastings  was  proposed  as  Member  by  Wm.  B.  Knight  and  E.  B.  Kay. 

lAdjourned.}  Kenneth  Allen,  Secretary. 


Editors  reprinting  articles  from  this  journal  are 
requested  to  credit  both  the  Journal  and  the 
Society  before   ivhich  such  (irticles  were  read. 


ASSOCIATION  OF  ENGINEERING  SOCIETIES. 


ORGANIZED     1881. 


"^ol.  "VI.  Se^JteiixTDeur,    1887.  JSTo-  9. 

This  Association,  as  a  body,  is  not  responsible  for  the  subject  matter  of  any  Society,  ot 
for  statements  or  opinions  of  any  of  its  members. 

STREET  PAVEMENT— PAST,  PRESENT  AND  FUTURE. 


By  John  H.  Sargent,  Member  of  the  Civil  Engineers'  Club  of  Cleve- 
land. 

[Read  March  22,  1887.] 


In  treating  this  important  subject  I  shall  give  you  very  little  of  its 
literature,  but  instead  give  you  my  own  experience  and  observations. 

The  oldest  pavement  I  have  examined  was  laid  some  2,800  years  ago, 
and,  so  far  as  durability  is  concerned,  little  improvement  has  been  made 
since.  This  was  the  famous  Appian  Way,  at  Rome.  It  has  not  been 
under  wear  all  these  years,  for  it  is  now  buried  by  the  accumulated  dust 
of  ages,  some  feet  under  ground.  In  later  years,  portions  of  it  have  been 
opened  up  and  exposed  to  view.  It  was  paved  with  hard  trap  or  por- 
phyritic  rock  of  irregular  or  accidental  dimensions;  theyhave  a  flat  sur- 
face and  looked  like  and  may  have  been  cracked  boulders  from  the  bed 
of  the  classical  Tiber.  Some  of  them  were  more  than  a  foot  in  diameter. 
These  were  laid  first  and  the  interstices  were  filled  in  with  smaller  ones, 
so  that  the  joints  were  broken  in  all  directions. 

Another  interesting  pavement  I  examined  was  laid  about  the  year 
one  of  the  Christian  era  in  the  streets  of  Pompeii.  These  streets,  some 
of  them  at  least,  were  very  narrow,  so  that  vehicles  could  not  pass  each 
other,  so  they  had  to  go  in  one  direction.  Their  cross-walks  were  step- 
ping stones  some  six  inches  high,  so  that  the  wheels  and  animals  had  to 
pass  between  them.  Before  the  ashes  of  Vesuvius  came  down  and  filled 
them  up  to  the  second  story  of  the  houses,  ruts  had  been  worn  into  theni 
some  four  inches  deep  and  from  four  to  six  inches  wide.  I  was  able  to 
measure  the  gauge  of  their  vehicles,  and  found  it  to  be  our  standard 
gauge,  so  that  came  down  from  ante-Christian  times,  or,  perhaps,  from 
the  eternal  fitness  of  things. 

The  macadamized  roads  across  the  Alps  are  great  enduring  monu- 
ments of  the  skill  and  enterprise  of  Napoleon  Bonaparte.    I  say  endur- 
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ing,  but  a  macadamized  road  without  constant  care  and  attention  would 
«oon  go  to  ruin.  These  Alpine  roads  have  this  care,  and  besides,  little 
'Children  six  or  eight  years  eld  are  constantly  on  the  roads  with  their 
baskets  and  brooms  and  sweep  up  the  horse  droppings,  and  all  else  that 
will  tend  to  keep  up  the  over-taxed  soil.  I  may  as  well  say  just  here 
that  a  macadamized  road  is,  perhaps,  the  most  suitable  of  any  for  a 
country  road  heretofore  tried,  but  there  is  hope  in  a  water-tight  floor  of 
indurated  clay  and  asphaltum  on  a  gravel  bed.     More  of  this  farther  on. 

I  remember  a  very  smooth  and  perfect  pavement  in  Basle,  Switzerland. 
It  was  made  of  cracked  hard-heads,  or  boulders,  very  hard  basalt  prob- 
ably. They  were  laid  with  their  fiat  or  broken  side  up,  and  doubtless 
upon  an  indestructible  bed  and  filled  in  with  concrete.  It  was  smooth 
and  clean,  but  it  would  hardly  stand  the  heavy  teaming  of  our  business 
streets. 

The  asphalt  pavement  of  Paris  in  1867-8  was  a  perfect  roadway  in  some 
respects.  It  was  smooth  and  noiseless  ;  horses  were  not  allowed  to  wear 
calks  and  it  was  very  slippery  and  hard  on  them.  It  required  constant 
attention  and  got  it.  As  soon  as  a  break  was  made  in  it,  it  was  fenced 
off  from  the  rest  of  the  street  and  was  repaired  and  ironed  to  a  perfect 
surface  and  kept  fenced  off  until  hardened.  Every  night  these  screets 
were  washed  off  wath  large  hose  rigged  on  rollers. 

Now  I  will  come  down  to  business  at  home.  When  the  lake  water 
was  first  introduced  into  Cleveland  we  had  neither  pavements,  sewers 
nor  street  railways.  In  1860,  Superior  street  was  covered  from  curb  to 
curb  with  worn-out  plank.  This  we  removed  after  a  pretty  hard  fight, 
and  replaced  with  what  is  now  called  a  Medina  wet'stone  pavement.  As 
the  cross-section  of  this  street  is  now  a  matter  of  history  only,  I  will 
describe  it. 

The  gutters  were  some  twelve  feet  out  from  the  curbstone  sloping  up 
to  the  curb  ;  this  space  was  for  standing  horses  and  carriages  ;  between 
the  gutters  was  66  feet  well  crowned,  as  this  form  in  those  days  was 
deemed  to  give  strength  to  the  paving.  Twenty  years  passed  and  Cleve- 
land had  changed  from  a  village  in  character  to  a  pretentious  city.  All 
the  level  part  of  the  street  was  occupied  by  street  railways  ;  the  pave- 
ment had  been  frequently  disturbed  to  lay  sewers,  gas  and  water-pipes, 
so  that  the  street  had  become  uncomfortably  rough.  Tiien  the  pavement 
was  renewed  and  the  roadway  re-formed  to  suit  the  altered  circum- 
stances. A  percentage  of  the  stone  was  fit  to  relay  in  the  least  exposed 
part  of  the  street ;  these  were  used  and  the  balance  was  laid  with  new 
material. 

It  would,  perhaps,  be  hardly  fair,  with  this  experience,  to  say  that  with 
fair  treatment  the  life  of  a  Medina  wet  stone  pavement  is  twenty  years. 
But  with  the  increased  duty  upon  Superior  street  I  will  venture  the  opin- 
ion that  the  present  pavement  after  twenty  'years  wear  will  be  in  worse 
condition  than  it  was  when  last  renewed.  Other  of  our  Medina  stone 
paved  streets  have  been  renewed  and  others  need  it.  Some  of  the  streets 
have  stood,  I  believe,  twenty-five  years  or  more.  This  is  a  comparatively 
durable  pavement,  but  it  is  rough  and  noisy  and  hard  on  horses  and  car- 
riages. In  the  matter  of  roughness  the  Medina  dressed  stone  pavement 
while  new  has  the  advantage  of  being  less  rough.     The  wet  stone  becomes 
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smoother  by  age,  while  the  dry  becomes  rougher,  especially  where  ex- 
posed continually  to  the  action  of  horses'  calks,  as  in  the  street  railway 
tracks.  I  do  not  think  the  dry  stone  has  any  advantage  over  the  wet  in 
point  of  durability  and  is  much  more  expensive. 

About  the  time  of  the  introduction  of  Medina  stone  into  Cleveland,  and 
perhaps  before,  some  streets  under  the  hill,  and  I  believe  one  half  of 
Superior  Hill,  were  paved  with  limestone  of  like  dimensions  with  the 
Medina.  These  proved  a  failure — they  would  not  stand  the  weather  ;  if, 
after  being  laid  three  or  four  years,  they  were  taken  out  they  would  fall 
to  pieces.  One  side  of  Superior  street  hill  was  paved  with  Independence 
sandstone,  from  a  single  layer  of  flagging  near  the  surface  ;  many  of  them 
did  good  service,  but  they  were  irregular  in  thickness  and  hardness  and 
in  limited  quantity.  These  last  and  the  limestone,  I  believe,  have  all 
disappeared. 

About  the  time  of  the  close  of  the  war  the  Nicholson  pavement  fever 
broke  out.  I  was  one  of  a  committee  sent  by  the  council  to  Chicago  to 
investigate.  We  took  up  a  block  in  a  street  that  had  been  paved  some 
four  or  five  years,  observed  its  condition  and  wear  and  reported  to  the 
council  the  facts  and  gave  it  as  our  opinion  that  if  the  pavement  was  well 
put  down  with  good  material  it  would  last  from  ten  to  fourteen  years, 
according  to  the  duty  asked  of  it.  There  was  a  patent  upon  this  i)articu- 
lar  form  of  wood  pavement.  The  holders  of  the  patent  went  for  our 
council  hot  and  hard  and  the  upshot  of  the  matter  was  that  the  city 
bought  the  right  to  lay  the  Nicholson  pavement  in  the  streets,  paying 
therefor  several  thousand  dollars.  How  much  of  it  the  owners  of  the 
patent  got  has  always  been  a  mooted  question.  Then  began  the  strife  for 
this  particular  kind  of  pavement;  its  cost  was  considerable  more  than 
Medina  stone.  It  is  said  that  sharp  practice  was  used  to  secure  petitions 
for  the  Nicholson  pavement,  and  it  was  hinted  that  some  influential  men 
got  their  paving  for  nothing. 

How  this  may  be  I  cannot  say  ;  this  I  know,  that  some  of  the  streets 
were  paved  with  very  poor  lumber,  made  from  dead  timber  and  timber 
that  was  unfit  for  anything  else,  and  the  work  was  poorly  done.  The 
result  was  that  the  blocks  rotted  and  disappeared  in  a  very  few  years 
while  others  lasted  their  alloted  time  of  twelve  years.  A  notable 
case  is  Franklin  street  between  Pearl  and  the  Circle.  This  was 
paved  in  the  fall  of  1869  and  the  south  half  of  this  section  has  had  very 
little  repairs  and  is  a  good  roadway  yet.  For  some  reason  the  north  half 
has  not  done  as  well  and  should  have  been  renewed  two  years  ago.  The 
service  of  the  south  half — seventeen  years — is  something  remarkable  ;  the 
blocks  have  not  rotted,  simply  worn  out.  But  the  patent  was  expensive 
and  not  good.  A  far  better  and  cheaper  wood  pavement  is  cedar  poles 
cut  into  eight  inch  blocks  and  bedded  in  good  gravel  without  boards 
under  them.  Madison  street,  Toledo,  was  paved  in  this  manner  with 
red  cedar  from  Tennessee,  arsd  has  now  stood  quite  a  number  of  years 
without  repairs  and  lias,  as  I  believe,  in  no  wise  failed. 

Upon  streets  with  business  enough  to  wear  them  out  before  they  rot, 
white  cedar  would  do  as  well,  say  for  ten  or  twelve  years,  while  the  cost 
is  not  one-third  of  Medina  stone  pavement,  and  carriages  and  horses  and 
their  shoes  will  suffer  much  less  on  them  than  on  the  stone.     These 
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white  cedar  blocks  are  quite  popular  in  Detroit  and  other  Michigan 
towns.  This  pavement  is  so  simple  in  construction  that  its  renewal  is 
made  with  little  interruption  to  travel.  As  a  question  of  economy  let 
us  compare  the  Medina  dressed  block  with  the  white  cedar  block  as  a 
basis.  We  will  assume  the  stone  block  to  cost  $3  per  square  yard,  and 
to  last  thirty  years,  and  the  cedar  block  to  cost  $1  and  last  ten  years, 
and  that  the  city  issue  four  per  cent,  bonds  to  do  the  work.  The  sink- 
ing fund  t  o  redeem  the  bonds  would  be  ten  cents  per  annum  per  yard  in 
both  cases,  with  reinvestment  something  less.  Now  in  the  case  of  the 
stone  the  city  pays  for  the  stone  pavement  13  cents  interest  plus  10 
sinking  fund  equals  23,  and  in  the  case  of  wood  four  cents  interest  and 
10  sinking  fund  equals  14  cents.  Hence,  so  long  as  the  relative  cost  re- 
mains the  same  it  will  cost  scarcely  two-thirds  as  much  to  keep  a  street 
paved  with  cedar  blocks  as  with  Medina  dressed  stone. 

There  is  a  sanitary  consideration  to  be  taken  into  account  as  between 
wood  and  stone.  As  soon  as  the  wood  begins  to  decay  it  fails,  and  will 
have  to  be  renewed  ;  until  then  there  is  nothing  unhealthy  about  the 
wood  ;  hence  the  great  importance  in  putting  down  sound  timber. 

AJl  the  complicated  patent  arrangements  and  preservatives  applied  to 
w^ood  in  pavements  are  worthless,  and  only  serve  to  swell  the  cost  ;  the 
simple  block  set  in  good  sand  or  ballast  is  all  that  is  wanted.  There 
may  be  some  better  kind  of  pavement  timber  than  cedar,  but  it  has  not 
yet  been  found.  I  do  not  wish  to  be  understood  as  advocating  wood 
pavements  for  Cleveland,  for  the  supply  of  cedar  will  give  out,  and  its 
cost  will  enhance  ;  but  I  wish  to  give  all  kinds  of  pavement  all  the  ad- 
vantages they  can  justly  claim. 

Preparations  of  asphaltum  have  not  so  far  been  a  success  in  Cleveland; 
their  composition  is  too  uncertain  and  requires  too  much  attention  to  be 
trusted  in  the  hands  of  an  ordinary  board  of  improvements.  The  asphal- 
tum as  a  top  dressing  combined  with  sand,  and  as  an  article  for  filling  in 
the  joints  of  stone  and  brick,  and  perhaps  wood,  is  no  doubt  valuable. 
For  sidewalks  an  artificial  stone  or  concrete  makes  a  better  and  more  en- 
during material  than  our  sawed  and  split  sandstone,  but  it  will  have  a 
hard  fight  to  compete  with  it  in  cost.  Broken  stone,  slag  and  cinders  for 
city  streets  are  little  better  than  the  natural  soil. 

In  conclusion,  I  wish  now  to  treat  of  a  material  for  pavement  with 
which  we  in  Cleveland  have  had  little  experience.  It  is  so  abundant,  so 
accessible,  and  so  cheap  withal,  that  people  discard  it  as  but  the  dust  be- 
neath their  feet.  So  it  is  with  many  of  the  most  common  things  in 
nature  ;  they  often  turn  out  to  be  our  greatest  blessings.  Petroleum  and 
natural  gas  took  many  years  to  demonstrate  their  capabilities.  Clay,  the 
ore  of  aluminum,  when  properly  manufactured  and  burned,  becomes 
what  may  be  called  an  igneous  rock,  unaffected  by  the  weather,  water 
or  fire  itself.  It  will  stand  more  pressure  in  the  testing  machine  than 
the  best  of  granite.  It  is  homogeneous  and  slightly  elastic  ;  it  will 
neither  act  upon  the  horses'  shoes  nor  be  acted  upon  by  them.  I  speak  now 
of  brick  made  of  fire-clay.  They  should  be  burned  hard  enough  to  par- 
tially vitrify  the  molding  sand  on  their  surface.  In  this  condition  you 
cannot  sharpen  your  axe  upon  them,  nor  wear  away  their  surface  by  at- 
trition.    The  tenacity  and  wearing  quality  of  an   ordinary  brick   is  re- 
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markable.  The  mason,  when  he  has  to  shape  a  brick,  will  not  attack  a 
hard,  burned  one  ;  if  he  does,  watch  him,  and  see  how  little  effect  he  has 
upon  it  with  his  sharp  steel  trowel.  Look  at  our  tall  brick  buildings, 
and  see  what  pressure  ordinary  brick  have  to  sustain.  The  walls  of  my 
own  homestead  have  stood  the  buffetings  of  sixty  alternating  seasons  of 
frost  and  heat  and  storm  unimpaired.  The  bricks  of  the  old  Roman 
ruins,  shattered  by  earthquakes,  fire  and  war,  stand  out  sharp  and 
jagged  ;  these  bricks  are  but  one  and  a  half  incnes  thick,  but  they,  the 
individual  bricks,  are  now  as  sound  and  solid  as  they  were  two  thousand 
years  ago. 

It  is  thought  that  the  fire  clays  of  our  coal  measures  will  produce  a 
better  brick  for  pavements  than  our  common  red  clays. 

I  am  inclined  to  think  this  is  so,  but  the  common  brick  have  been 
used  in  Charlestown,  West  Virginia,  and  Bloomington  and  other  towns 
in  Illinois  for  a  dozen  years.  Some  taken  up  after  ten  years'  wear  had 
been  worn  down  less  than  a  quarter  of  an  inch.  Experience  only  can 
determine  the  best  clay  and  best  treatment.  Last  fall  a  small  section  of 
fire-brick  was  put  down  in  the  street  railway  track  at  the  intersection  of 
Detroit  and  Pearl  streets,  and  another  at  the  intersection  of  Ontario  and 
Michigan.  I  would  invite  the  members  of  the  Club  to  exauiine  them.  I 
can  see  no  perceptible  wear  or  deterioration.  Aside  from  the  question 
of  durability  and  economy  they  make  a  very  smooth,  quiet  and  dustless 
street.  There  are  certain  patent  schemes  for  brick  pavement,  but  they 
are  all  "no  good,*'  and  come  under  the  same  category  with  patents  on  wood 
pavements.  A  perfectly  formed  and  consolidated  roadbed  made  by  roll- 
ing or  pounding  and  covered  by  a  single  course  of  bricks  laid  edgewise 
with  the  joints  filled  with  hot  asphaltum  and  sharp  sand  makes  a  perfect, 
continuous  floor,  on  a  foundation  that  cannot  escape. 

The  only  pavement  that  can  now  come  into  competition  with  this  in 
Cleveland  is  the  Medina  sandstone  pavement.  "VVe  will  now  examine 
this  material.  The  Medina  sandstone  is  a  very  compact  and  hard  sedi- 
mentary rock.  All  sedimentary  rocks  are,  however,  laminated,  and  have 
a  cleavage  parallel  to  the  beds,  and  they  are  laid  in  the  pavement  in  a 
way  favorable  for  the  horse  calks  to  act  upon  them.  As  a  result,  observe 
the  stone  in  the  railway  tracks  in  Superior  street  and  on  the  Viaduct,  and 
you  will  see  the  dressed  stones  converted  into  boulders  as  rough  as  any 
well  laid  boulder  pavement.  There  is  another  cause  for  the  wearing 
away  of  a  sandstone,  however  hard  it  may  be  ;  it  is  composed  of  silicious 
particles  that  will  "bite"  iron  and  steel.  The  same  force  that  acts  upon 
the  shoe  reacts  upon  the  stone.  The  grindstone  cuts  away  the  steel  tool 
but  the  tools  ultimately  wear  out  the  griudstoae.  Clay  or  brick  has  no 
grit  that  will  bite  steel,  and  on  that  account  will  not  be  reacted  upon  by 
the  steel ;  so  they  cannot  destroy  each  other.  From  my  observations  I 
believe  a  brick  pavement  can  be  made  to  outlast  in  good  condition  a 
Medina  stone  pavement,  and  wir  cost  much  less  ;  how  much  less  we 
shall  soon  see.  If  it  should  be  found  on  investigation  that  the  fire-clays 
are  the  most  suitable  for  pavement  they  exist  in  great  abundance  within 
easy  access  to  Cleveland  by  canal  and  rail. 

The  chemical  constituents  of  the  clay  should  be  taken  into  account.  It 
is  clay  that  gives  the  hydraulic  quality'  to  the  water  limes.     The  physical 
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qualities  of  fire-clay  maj  be  divided  into  the  hard  and  the  soft  plas- 
tic, but  not  differing  greatly  in  their  chemical  constituents.  Singularly 
enough,  the  plastic  has  less  combined  water  and  alumina  and  more  silica 
than  the  hard.  On  this  account  I  should  expect  the  hard  to  make  the 
better  brick  for  paving.  Lime,  uncombined  at  least,  would  probably  be 
deleterious.  Here  is  a  specimen  of  the  hard  variety  from  New  Cumber- 
land, West  Virginia,  on  the  Ohio  River.  There  it  is  burned  with  natural 
gas  in  down  draft  kilns  or  ovens.  They  may  be  burned  in  the  same  kind 
of  oven  with  slack  coal  to  any  degree  of  hardness  required,  as  they  are  in 
Tuscarawas  County.  One  happy  circumstance  is  that  the  bricks  too  soft 
for  pavements  are  better  for  furnace  linings  than  the  harder  ones,  and 
worth  quite  as  much. 

Inaividual  residents  of  Franklin  avenue,  being  in  West  Virginia,  ob- 
served some  of  these  brick  pavements,  some  that  had  been  down  three 
years,  some  tw^elve,  and  were  struck  with  their  smoothness  and  good  con- 
dition  A  public  meeting  was  called  and  a  committee  was  appointed  to 
gather  information.  They  went  to  Wheeling  and  examined  the  pave- 
ment, and  to  New  Cumberland  to  examine  the  material  and  its  manufac- 
ture. The  committee  was  very  favorably  impressed,  and  reported  advising 
the  use  of  fire-brick  for  Franklin  avenue — here  are  several  letteis  received 
by  the  Committee  which  the  Club  would  perhaps  be  glad  to  hear  read;  if 
so,  1  will  ask  Mr.  Holloway  to  read  them. 

The  Board  of  Improvements  has  advertised  for  proposals  for  both  brick 
and  Medina  dressed  stone  pavement.  When  these  bids  are  opened  we 
shall  be  able  to  see  the  relative  cost.  If  the  specification  prepared  for  the 
brick  pavement  by  the  board  have  no  unnecessarily  expensive  require^ 
ments,  I  shall  expect  the  brick  pavement  to  cost  little  if  any  more  than 
one-half  the  stone.  At  the  same  cost,  and  I  have  a  long  front  to  pave,  I 
should  much  prefer  the  brick.  The  cost  of  a  foundation  for  the  one  is 
practically  the  same  as  for  the  other.  The  brick  will  have  a  more  per- 
fect bearing  than  the  stone,  for  the  bricks  have  a  full  bearing  bed  all 
alike,  and  are  of  the  same  depth,  while  the  stone  are  of  unequal  depths, 
and  the  lower  end  more  or  less  wedge  shaped.  The  bricks  will  fit  far 
closer  together,  and  hence  will  require  much  less  asphaltum  filling,  and 
having  a  smoother  surface  will  shed  off  the  water  more  perfectly. 

This  paper  has  been  prepared  very  hurriedly,  as  I  supposed  until  this 
morning  that  I  had  two  weeks  more  in  which  to  finish  it.* 


DISCUSSION. 

At  the  close  of  his  paper,  Mr.  Sargent  announced  that  he  had  with  him 
a  number  of  letters  on  the  subject  of  street  pavements,  and  if  it  was  the 
wish  of  the  members  present  they  would  be  read  by  Mr.  J.  F.  Holloway. 

Mr.  Holloway,  at  the  request  of  the  Members,  then  read  the  letters  as 
follows: 

Mr.  Holloway  first  stated  that  these  letters  were  replies  to  inquiries 

*  Since  this  paper  was  read,  the  dressed  Medina  stone  pavement  in  the  street 
railroad  tracks  on  the  Superior  street  viaduct,  laid  in  1879,  have  been  taken  up  and 
relaid.  Nearly  all  of  them  had  to  be  redressed  and  a  notable  percentage  of  them 
replaced  by  new  stone,  while  the  brick  pavement  laid  in  the  same  tracks  at  the  Detroit 
street  crossing  last  fall  show  little  or  no  signs  of  deterioration.— J.  H.  S. 
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made  with  the  view  of  going  to  the  root  of  the  matter,  and  were  written 
by  persons  who  had  no  interest  in  pressing  the  claims  of  any  pavement. 

A.  H.  Bell,  City  Engineer  of  Bloomington,  111.,  stated  that  the  citizens 
were  highly  pleased  with  the  brick  pavements.  The  bricks  are  ordinary 
clay  brick  lurued  very  hard — almost  vitrified.  Where  there  is  no  grad- 
ing or  foundation  to  prepare,  the  pavement  costs  $1.15  per  square  yard 
laid  down. 

P.  Whitmer,  of  the  People's  Bank,  Bloomington,  stated  that  since 
Bloomington  had  tried  brick  pavements,  Galesburg,  Jacksonville,  Cham- 
paign and  other  cities  had  adopted  brick,  and  all  were  pleased  with  it. 
In  Bloomington,  an  inch  of  sand  was  first  put  down,  then  a  course  of 
brick,  laid  flat,  on  which  was  placed  a  thin  layer  of  sand,  then  a  course 
on  edge  as  close  as  convenient,  say  a  quarter  of  an  inch  apart.  On  top 
of  that  enough  sand  to  fill  the  interstices,  and  it  is  done. 

Mr.  Holloway  stated  that  the  city  engineer  of  Bloomington  had  read  a 
paper  before  the  club  in  Chicago  in  which  he  spoke  highly  of  the  brick 
pavement  in  use  in  Bloomington. 

Mr.  Whitelaw  :  I  suppose  they  lay  double  courses  there  on  account  of 
the  clay  soil. 

Mr.  Holloway  :  I  think  they  do  it  with  the  idea  of  getting  more 
surface. 

The  "Riverside  Steel  Co.,"  of  Wheeling,  W.  Va.,  stated  that  the 
citizens  were  so  much  pleased  with  the  brick  pavements  that  they  were 
being  used  to  the  exclusion  of  every  other  kind.  Those  laid  three  years 
ago  do  not  show  any  appreciable  wear,  and  they  do  not  become  smooth 
and  slippery  in  winter.  Tney  are  almost  noiseless,  and  are  easily  swept 
and  kept  clean.  The  drainage  is  quick  and  complete.  The  pavements 
can  be  built  at  a  cost  of  $1.60  per  square  yard,  which  includes  all  material 
and  labor  and  preparing  a  bed  to  receive  the  substratum  of  gravel  or 
sand.     The  blocks  are  9'^  X  3'^  X  5",  and  weigh  9  lbs.  10  ozs.  each. 

J.  M.  Doddridge  &  Co.,  of  Wheeling,  W.  Va.,  stated  that  the  Board  of 
Public  Works  had  put  down  over  three  miles  of  fire-brick  pavement,  and 
would  continue  to  put  it  down  on  all  streets  needing  improvement. 

Delegations  from  Columbus,  Zanesville,  Pittsburgh  had  been  at 
various  times  at  Wheeling  with  regard  to  this  subject,  and  fire-brick  is 
being  tried  in  those  cities. 

A.  Laing,  of  Wheeling  wrote  that  an  experimental  street  paved  some 
years  ago  with  brick  looks  as  good  as  new. 

J.  P.  Hale,  of  Charleston,  W.  Va.,  stated  that  the  clay  used  for  paving 
brick  was  simply  a  good  quality  of  common  building  brick  clay,  tough, 
stiff  and  tenacious.  Such  clay  could  be  found  in  the  vicinity  of  almost 
any  city  in  the  United  States.  The  writer  believed  that  brick  would 
eventually  supersede  every  other  material  for  street  paving.  In  his 
opinion  it  is  not  only  the  cheapest,  but  the  best  material  that  can  be  used. 

Prof.  I.  O.  Baker,  of  the  School  of  Civil  Engineering,  Champaign.  111., 
stated  that  the  cost  of  brick  pavement  varied  there  from  $1.60  to  $1.8T 
per  square  yard  according  to  the  freight  on  brick  or  sand.  It  had  been 
tried  3  years  and  no  sign  of  wear  could  be  discovered.  For  method  of 
laying  Prof.  Baker  referred  Mr.  Holloway  to  an  editorial  from  his  pen  in 
Engineering  Neivs,  Vol.  XIV.,  page  330,  Nov.  21,  1885. 
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W.  McD.  Hiller,  of  Steuben ville,  O.,  said  that  a  test  square  of  vitrified 
fire-brick  set  on  edge  was  put  down  three  years  ago,  and  liad  not  cost 
a  cent  for  repairs  since.  Parts  of  several  streets  are  now  being  paved. 
Some  blocks  cost  as  little  as  85  cents  per  square  yard,  including  every- 
thing. Others  cost  more  because  the  excavated  materials  have  to  be 
hauled  further,  and  because  there  is  not  a  natural  foundation  of  gravel : 
but  all  cost  under  $1.  The  hard-burned  red  brick  stands  five  tons  press- 
ure ;  the  new  Cumberland  fire-brick,  eighty  tons  pressure.  It  is  smooth 
but  never  slippery  ;  horses  never  slip  on  it  in  winter. 

The  prospectus  of  the  "Hale  Pavement  Company,"  of  Staunton,  Va., 
containing  a  large  number  of  testimonials  from  various  cities,  was  re- 
ferred to  by  Mr.  Holloway.  This  company  claim  that  their  pavement 
is  durable  and  serviceable,  economical,  clean,  healthful  and  comfortable 
and  noiseless.  The  material  for  the  pavement  is,  first,  sand,  then  boards 
dipped  in  hot  coal  tar,  then  hard-burned  brick. 

Mr.  Holloway  :  Last  fall,  in  Allegheny,  I  saw  a  street  paved  with  fire- 
brick. The  street  has  residences  on  one  side,  and  on  the  opposite  side 
there  are  terraces  sloping  down  to  the  depot.  The  first  thing  that  struck 
me  was  that  they  were  laying  courses  of  brick  flat  ways.  I  asked  a 
gentleman  why  they  did  not  set  them  on  edge.  He  replied  that  they 
were  trying  an  experiment.  I  said  that  I  supposed  that  they  would 
have  put  lower  courses  of  good  red  brick.  He  said  that  there  was  not 
much  difference  in  the  cost.  A  gentleman  who  was  passing  stopped 
and  said  that  the  way  in  which  this  was  being  laid  down  would  not 
answer.  The  agreement  was  that  they  should  have  just  such  a  street 
as  the  block  above.  From  what  was  said  afterward,  I  gathered  that  the 
people  were  very  much  pleased  with  the  paving  of  the  block  mentioned, 
which  had  been  laid  over  a  year.  I  walked  then  to  the  block  above. 
It  was  very  clean.  I  did  not  see  a  broken  brick  or  a  soft  brick  in  the 
whole  street.  While  I  was  there  a  great  many  teams  passed.  It  was  a 
little  down  grade,  but  they  never  halted,  showing  that  the  horses  had 
confidence  in  it.  I  listened  for  the  sound  of  the  wheels.  I  could  hear 
the  click  of  the  horses'  feet  on  the  pavement,  but  there  was  no  rumble  of 
wheels.     It  was  almost  noiseless. 

Mr.  H.  M.  Claflen:  As  to  Medina  stone,  I  could  read  a  number  of  letters 
giving  favorable  criticisms,  but  I  do  not  wish  to  put  myself  in  the  light 
of  a  patent  medicine  vender.  The  people  in  Bloomington  have  no  stone. 
The  brick  pavement  is  a  great  improvement  upon  the  mud.  So  with  the 
other  little  towns.  What  do  the  people  in  Harrisburg  know  about  pave- 
ments? Of  all  the  slow-growing  places  in  the  world,  Harrisburg  will 
take  the  palm.  When  you  go  to  cities  that  are  cities,  do  you  find  them 
adopting  fire-brick,  or  any  other  brick?  I  saw  in  San  Francisco  one  street 
paved  with  brick.  It  is  the  only  street,  so  far  as  I  can  learn,  ever  paved 
there  with  brick.  Brick  was  put  down  in  Chicago  and  has  been  taken  up. 
In  St.  Louis  they  went  to  great  expense  and  tested  all  sorts  of  pavement. 
Did  they  adopt  fire-brick?  No,  they  adopted  granite.  The  City  of  Toledo 
was  about  to  pave  one  of  its  streets.  A  fire-brick  man  tried  to  induce 
the  people  to  adopt  his  pavement.  I  went  up  there,  and  last  night  the 
contract  was  awarded  me.  The  Topeka  people  have  tested  all  kinds,  and 
have  declared  against  fire-brick,  and  have  adopted  stone  and  asphalt.     I 
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am  going  to  lay  it  down  as  my  creed  that  an  artificial  pavement,  if  any 
other  can  be  had,  is  a  very  foolish  device.  When  the  material  is  subject 
to  the  action  of  the  weather,  horses'  feet  and  so  forth,  the  artificial  pave- 
ment may  not  be  enduring.  The  only  material  practicable  for  pavement 
is  stone.  When  you  lay  it  well  you  get  the  best  results.  Mr.  Sargent 
compared  wood  with  Medina  stone.  He  placed  the  lasting  qualities  of 
Medina  stone  at  thirty  years  and  those  of  wood  at  ten  years.  If  you  look 
at  any  street  paved  wnth  wood  that  has  been  down  for  ten  years,  you  will 
see  that  it  has  been  down  at  least  three  years  too  long.  I  can  show  Mr. 
Sargent  a  street  where  the  stone  was  laid  down  fifty  years  ago.  I  want 
to  ask,  as  an  engineeiing  problem,  how  long  a  street  laid  with  block 
pavement  will  last?  River  street  was  laid  thirty  years  ago.  A  year  ago 
last  Summer  we  took  up  a  part  and  relaid  it.  If  any  one  will  examine  it 
he  will  see  that  it  is  one  of  the  prettiest  pieces  of  pavement  to  be  found, 
though  it  was  laid  in  an  unmechanical  manner.  You  can  see  Medina 
stone  in  your  own  city.  In  Buffalo  you  can  see  100  miles  of  streets  paved 
with  it.  It  is  as  lasting  as  granite  ;  it  is  not  as  noisy  nor  as  slippery. 
You  caa  saw  and  polish  granite,  but  you  cannot  saw  nor  polish  Medina 
stone.  I  examined  some  granite  laid  on  Fifth  avenue.  It  is  laid  much 
like  Euclid  avenue  block  stone  pavement,  but  it  does  not  begin  to  com- 
pare with  the  block  stone  pavement  laid  in  Cleveland. 

Mr.  Whitelaw  :  In  Omaha  they  are  using  a  pink  granite. 

Mr.  Sargent  :  I  do  not  think  there  is  any  stone  equal  to  the  Medina 
stone  for  pavement. 

Mr.  Whitelaw  :  Mr.  Gordon  Lloyd  laid  down  a  good  deal  of  brick  in 
livery  and  other  stables.  His  process  was  to  heat  the  brick  and  dip  it 
in  coal  tar.     He  said  this  made  it  impervious  to  water  and  to  frost. 

Mr.  Sargent :  A  car-load  of  bricks  was  put  down  in  Pearl  street,  and 
one  at  the  corner  of  Prospect  street.  There  was  a  top  dressing  of 
hot  asphaltum.     I  cannot  see  that  there  is  any  wear  in  it. 

Mr.  Claflen  :  My  conundrum  is  this— How  are  you  going  to  say 
whether  fire-brick  is  soft  or  hard? 

Mr.  Sargent :  You  cannot  always  tell  about  Medina  stone.  Bricks  do 
not  require  to  be  burnt  so  long  for  livery  stables  as  they  do  for  paving. 
I  have  had  nothing  to  do  w^th  fire-bricks  except  with  these  two  car- 
loads. Perhaps  when  fifty  years  go  by  we  may  know  as  much  about 
brick  pavements  as  we  do  now  about  Medina  stone.  A  ehort  time  ago 
the  use  of  gas  and  petroleum  was  thought  detrimental,  now  we  could 
hardly  do  without  them. 

Mr.  Herman  :  In  my  native  city,  Prague,  there  was  an  experiment 
made  in  1857.  A  block  in  a  street  was  paved  with  brick  in  herring 
bone  s!;yle.  The  city  is  paved  even  to  the  narrowest  alleys.  After 
considerable  agitation  a  permit  was  obtained  to  lay  a  block  with  this 
brick  paveaient.  It  was  taken  up  in  a  year  as  unfit  for  the  purpose. 
Brick  is  used  extensively  in  this  city  for  paving  floors.  The  bricks  have 
to  be  frequently  replaced.  I  notice  here  some  sidewalks  paved  with 
brick,  and  I  often  stub  my  toe  on  them.  In  Akron  I  found  a  number  of 
pavements  with  tiles  vitrified,  and  tiles  are  used  in  this  city  in  drive- 
ways on  Euclid  avenue.    I  see  that  many  of  them  are  destroyed. 

Mr.  Latimer  :  I  agree  with  Mr.  Claflen  upon  the  question  of  stone  pave- 
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ments,  but  we  must  always  be  ready  to  consider  a  new  idea.  The  testi- 
monials are  apparently  from  places  where  they  cannot  jjrocure  good  stone. 
Their  time  of  trial  is  but  short  compared  to  that  which  we  have  had  here. 
Everybody  remembers  the  testing  of  wooden  pavements.  Those  who 
saw  far  enough  saw  that  the  change  to  wooden  pavements  was  a  foolish 
one.  It  was  a  waste  of  money.  To  commence  a  new  system  of  paving, 
following  the  lead  of  western  towns,  or  towns  that  have  no  paving  stone, 
would  be  a  foolish  thing  for  Cleveland.  In  my  opinion  a  good  stone  is 
unquestionably  the  best  material  for  paving.  If  the  city  of  Cleveland 
should  try  brick  pavements  it  should  be  done  with  the  greatest  caution. 

Mr.  Paul  :  One  difficulty  I  anticipate  in  using  bricks  for  the  purpose  of 
paving  is,  the  variety  in  their  quality.  Undoubtedly,  some  bricks  are 
very  durable,  as  we  find  them  still  in  good  condition  in  ancient  cities,  but 
so  far  our  experience  in  this  city  would  show  that  they  are  not  durable. 
The  pavements  of  nearly  all  of  the  school  buildings  were  laid  in  brick. 
A  number  of  them  had  to  be  relaid.  They  seemed  to  be  going  to  pieces 
from  being  trodden  by  the  school  children.  This  was  very  noticeable  in 
Rockwell  school  building.  I  do  not  mean  to  say  that  bricks  may  not 
make  a  very  good  pavement.  One  objection  to  our  stone  pavement  is 
that  many  of  the  stones  are  wedges,  others  are  broad;  of  course  this 
makes  an  uneven  surface.  The  bricks  are  uniform.  Where  there  may  be 
considerable  traffic  in  these  towns  I  would  like  to  inquire  if  any  of  the 
bricks  have  broken  in  the  middle  by  the  cross  strain,  or  does  the  wedging 
hold  them. 

Mr.  Holloway  :  The  question  is  interesting  to  every  one.  Sewerage 
and  pavements  are  among  the  most  important  unsolved  problems.  I  am 
not  one  of  those  people  who  are  in  the  habit  of  running  after  a  new 
thing.  The  proper  material  for  paving  the  streets  of  a  city  has  been 
spoken  of  as  if  the  streets  of  a  city  were  different  from  streets  elsewhere. 
There  are  in  all  cities  streets  which  have  to  bear  nothing  heavier  than 
the  grocer's  wagon  and  the  doctor's  gig.  Because  the  main  streets  of  a 
city  require  enduring  pavement,  that  therefore  the  question  of  endurance 
is  to  be  the  only  one  taken  into  consideration  is  preposterous.  While  I 
am  prepared  to  say  that  the  recently  laid  pavements  of  Medina  stone  are 
very  fine  indeed,  I  am  not  prepared  to  say  that  it  is  the  only  material  for 
pavement.  The  question  of  living  on  a  quiet,  smooth,  clean  street  is  to 
be  considered.  One  idea  in  the  introduction  of  the  wooden  pavement 
was  to  have  some  rest  from  the  noise  of  the  rough  stone  streets.  A  stone 
street  is  an  undesirable  one  for  private  residences.  People  who  have 
lived  on  Pearl  street  have  been  obliged  to  leave  it  on  account  of  the  noise* 
There  is  hardly  a  public  building  in  this  city  where  you  can  listen  to  an  ad- 
dress with  any  degree  of  comfort  on  account  of  the  noise  of  the  stone  pave- 
ment. For  my  part,  while  I  have  great  respect  for  posterity,  I  think  it 
can  be  proved  that  streets  lasting  15  years  may  be  renewed  with  greater 
economy  than  those  lasting  50  years.  I  am  not  prepared  to  say  that  the 
most  enduring  material  is  in  every  respect  the  best  for  the  purpose.  It 
has  been  demonstrated  that  brick  is  the  best  for  all  building  purposes. 
Costly  buildings  of  stone  in  Chicago  were  blistered  and  burned  almost 
beyond  recognition. 

Mr.  H.  C.  Thompson  :  When  Dr.  Jayne's  granite  building  was  burned 
in  Philadelphia  on  a  frosty  night  the  stones  flew  to  pieces. 
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Mr.  Sargent:  Granite  will  not  stand  fire. 

Mr.  Hollovvay:  I  have  not  said  anything  in  disparagement  of  the  ex- 
cellent stone  streets  that  we  have  had  for  years,  but  I  believe  that  there 
are  miles  of  streets  that  have  but  little  traffic  on  them,  and  if  tbey  can 
be  made  comfortable,  cleanly  and  wholesome  by  the  use  of  fire-brick,  or 
any  other  brick,  it  will  be  a  benefaction  to  the  people  of  Cleveland.  There 
are  miles  of  streets  that  should  be  paved  with  stone.  I  know  that  the 
main  street  of  Wheeling  is  a  street  of  heavy  traffic.  It  was  filled  with 
four  and  two  horse  teams  hauling  the  heaviest  kind  of  material.  I  have 
no  interest  whatever  in  this  matter  beyond  that  of  living  in  a  quiet  resi- 
dence street. 

Mr.  Claflen:  Mr.  Holloway  is  mistaken  if  he  thinks  for  a  moment  that 
my  heart  is  broken  because  he  wants  fire-brick  on  Franklin  avenue.  There 
is  one  thing  that  I  would  like  to  say:  in  all  these  comparisons  of  costs  there 
has  been  unfairness  of  representation.  They  propose  to  put  down  fire- 
brick about  four  inches  in  depth.  In  Medina  stone  they  use  seven  or 
eight  inches.  It  has  been  represented  to  the  people  that  they  could  get 
a  pavement  for  |1.20  a  yard.  In  Columbus  the  price  was  $1.80  per 
square  yard.  In  Toledo  is  was  $2.25.  Medina  stone  dry  pavement 
is  about  $1.80  a  yard. 

Mr.  Holloway  :  I  do  not  know  what  the  cost  of  this  material  is.  In 
regard  to  the  depth  of  the  material,  I  think  Mr.  Claflen  is  very  modest 
in  his  statements.  I  have  seen  stone  pavements  here  over  a  foot  in 
depth.  In  times  past  very  little  care  was  taken  as  to  the  shape  of  the 
stone.  One  of  the  advantages  in  brick  is  that  it  has  a  perfect  bond.  The 
ends  are  supported  by  each  other  and  the  sides  are  supported  by  the  ad- 
joining brick.  Where  all  is  held  by  the  abutting  brick,  there  must  be 
additional  strength  to  the  whole.  Ttie  effect  of  any  pavement  that  has 
joints  in  it  is  that  the  calks  of  the  horses'  feet  will  break  off  chips. 
When  the  pavement  was  laid  upon  the  viaduct  it  was  smooth,  now  it  is 
very  rough.  It  has  been  worn  where  the  horses'  feet  strike  till  the  stones 
look  like  old  cobble  stones.  The  other  part  of  the  road  is  smooth,  but 
smooth  at  the  cost  of  the  material  below.  I  think  that  any  material  which 
presents  few  or  no  joints,  few  or  no  parts  for  the  calks  of  the  horses  to 
break  off  the  edges  is  advantageous. 

Mr.  Claflen  :  When  the  pavement  was  laid  on  the  viaduct  it  was  the 
first  work  of  the  kind  laid  here.  The  stone  was  not  even  gotten  out  by 
expert  men.  The  pavement  going  up  the  hill  is  to-day  one  of  the  finest 
pieces  of  work  that  I  have  seen.  It  is  true  that  the  stones  in  the  tracks 
are  worn  off  a  little,  but  I  should  like  to  have  any  one  discover  a  material 
to  put  in  a  street  railroad  track  that  will  last  when  it  has  been  down  ten. 
years.  That  on  the  sides  is  not  so  much  worn.  The  shoes  of  the  street 
car  horses  are  kept  much  sharper  than  those  of  ordinary  horses.  If  you 
account  for  the  smoothness  of  the  sides  from  the  fact  that  the  stone  is 
worn  down  I  think  you  make  a  mistake.  I  would  like  to  show  the  pave- 
ment going  up  the  hill  to  any  man  in  America  to-day  as  a  piece  of  first- 
class  work. 

Mr.  Sargent :  I  want  to  say  a  word  about  the  much-abused  wood.  They 
say  in  Detroit  that  wood  will  last  about  ten  years.  In  1869  a  street  on  one 
side  of  my  residence  was  paved  with  the  Nicholson  pavement.    It  is  quite 
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a  good  piece  of  road  yet.  I  had  no  idea  that  the  material  could  last  so 
long.  On  the  other  side  is  Medina  stone  pavement,  and  on  Pearl 
street  it  is  very  hard  to  hear  your  neighbors.  Now  Pearl  street  has  a  great 
deal  of  business,  and  it  is  possible  that  such  streets  require  a  stone  pave- 
ment, but  I  would  rather  have  such  a  street  as  Franklin  avenue  laid  with 
cedar,  on  account  of  its  noiselessness  and  cleanliness.  In  Wheeling  I  did 
not  see  any  streets  that  were  broken.  I  have  always  been  a  great  advo- 
cate of  the  Medina  stone  pavement.  I  think  it  is  superior  to  any  stone 
pavement,  unless  it  be  the  basalt  pavement. 

Mr.  Claflen  :  It  has  been  observed  that  where  the  trees  shade  a  street 
and  keep  it  moist,  it  is  much  less  decayed  than  the  other  side. 

Mr.  Sargent :  A  cedar  pavement  is  cheap,  easily  renewed,  and  a  pleasant 
pavement. 

Mr.  Whitelaw  :  I  made  an  examination  of  the  wooden  pavements  in 
Chicago  and  brought  some  blocks  home  with  me.  They  vary  in  depth 
from  two  to  four  inches.  The  wooden  pavement  is  noiseless  and 
pleasant. 


HISTORY    OF    THE    LAKE    SHORE    &    MICHIGAN    SOUTHERN 

RAILWAY. 


By  C.  p.  Leland,  Member  of  the  Civil  Engineers'  Club  of  Cleveland. 

[Read  May  10,  1887.] 

It  is  evident  that  the  Lake  Shore  &  Michigan  Southern  Railway,  lying 
in  six  great  States,  with  1,840  miles  of  road,  266  miles  of  second  track,  555 
miles  of  side  tracks,  making  in  all  2,161  miles  of  track,  with  526  locomo- 
tives and  16,992  cars  adapted  to  every  kind  of  business,  is  an  important 
factor  in  the  welfare  of  many  millions  of  people,  not  only  in  this  country, 
but  in  the  old  world  as  well.  A  hasty  glance  at  its  business  for  1886 
gives  abundant  proof  of  this. 

It  transported  in  1886  3,715,508  passengers  an  average  distance  of 
5H  miles,  rapidly  and  safely,  for  the  moderate  average  compensation  of 
$1.08  each.  This  is  equal  to  10,180  for  each  of  the  365  days.  In  the 
same  year  it  transported  8,305,597  tons  of  freight  (22,755  per  day)  an 
average  distance  of  192  miles. 

And  how  cheaply  this  was  done.  When  next  you  hire  an  express 
wagon  to  haul  a  load  of  stuff  a  mile,  paying  therefor  a  dollar,  which  is 
cheap  enough,  just  remember  this  fact,  that  the  average  pay  received  by 
this  road  in  1886  for  transporting  one  hundred  tons  one  mile  (about  six 
large  car-loads)  was  64  cents.  Small  as  this  was,  it  was  9  cents  more 
than  the  average  of  18S5. 

AVhat  w^as  the  result  of  tlijs  slight  improvement  which  hurt  nobody  ? 
It  was  the  signal  of  the  dawn  of  better  times,  after  the  long  night  of  de- 
pression, and,  instantly,  fires  were  started  in  idle  rolling  mills,  locomo- 
tive and  car  works,  and  every  industry  in  this  great  land,  even  gas  and 
oil  and  real  estate  booms,  felt  the  improvement  in  the  trade  barometer. 
This  little  improvement  gave  the  long  suffering  four  thousand  stock- 
holders of  the  Lake  Shore  &  Michigan  Southern  a  little  dividend  of  two 
per  cent.,  or  a  million  dollars,  to  be  poured  into  the  arteries  of  trade. 

As  this  road  operates  only  a  little  more  than  one  per  cent,  of  the  rail- 
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road  mileage  of  the  United  States.  I  leave  it  to  your  imagination  to 
estimate  the  aggregate  benefit  of  a  little  more  pay  for  this  mighty  tor- 
rent of  freight. 

I  started  out  by  saying  that  this  road  is  a  benefit  to  millions  of  the 
overcrowded  population  in  foreign  lands;  one  single  fact  will  establish 
it.  Meat  is  carried  from  the  great  packing  houses  in  Chicago  one  thou- 
sand miles  by  rail  to  the  seaboard,  thence  three  thousand  miles  by  water 
to  Liverpool,  for  40  cents  a  hundred  pounds,  or  less  than  half  a  cent  per 
pound.  The  L.  S.  &  M,  S.  Railway  performs  more  than  half  the  thou- 
sand miles  of  rail  transportation. 

There  are  on  the  pay  rolls  of  the  L.  S.  &  M.  S.  Railway  the  names  of 
10,400  men,  among  whom  were  distributed  $510,000  in  March.  Then 
there  is  another  large  army  of  men  working  for  the  company  indirectly 
making  steel  rails,  building  locomotives  and  cars,  mining  the  1,250  tons 
of  coal  consumed  every  day,  and  manufacturing  the  many  minor  sup- 
plies used.  It  is  safe  to  say  that  one-tenth  of  the  large  population  of  the 
United  States  gain  a  livelihood  by  working  for  railroads,  either  directly 
or  indirectly. 

Pardon  me  for  referring  again  to  the  low  prices  of  freight  the  past  few 
years  and  comparing  it  with  former  years,  before  the  great  Bessemer 
gave  the  world  steel  rails.  Take  for  the  unit  the  one  I  have  used — 100 
tons  one  mile — the  average  paid  by  the  public  was: 

In  1854 $3.51 

In]860 2.16 

In  1865 Ji.90 

STEEL  RAILS. 

In  1870 1.50 

In  1875 1.18 

In  1880 75 

In  1885 55    No  dividend. 

In  1886 64 

The  rate  for  1886  was  but  30  per  cent,  of  the  rate  of  1860.  These  figures 
demonstrate  the  interesting  fact  that  every  dollar  of  the  benefit  derived 
from  Bessemer  steel  rails  has  been  enjoyed  by  the  consumer,  not  by  the 
railroads. 

If  it  does  not,  here  is  another  fact  that  will.  In  the  last  seventeen 
years,  since  the  introduction  of  Bessemer  steel  rails,  the  aggregate  of  divi- 
dends paid  to  the  stockholders  of  the  L.  S.  &  M.  S.  Railway  was  88  per 
cent. — a  trifle  less  than  5J  per  cent,  per  annum.  For  the  seventeen  years 
prior  to  that,  when  iron  rails  were  used,  the  uniform  rate  of  dividend 
was  10  per  cent,  per  annum. 

Of  coiu-se  there  are  other  causes  for  this  ;  but  the  tremendous  reduc- 
tion in  rates  of  freight  is  the  principal  one,  and  this  was  made  possible 
by  Bessemer  steel  rails. 

This  road  earned  in  1886,  $15,859,455,  and  it  has  averaged  for  17  years 
$16,006,161  per  annum. 

Now  it  is  my  ojjinion,  after  considerable  thought  and  research,  that 
the  aggregate  earnings  of  all  the  craft  trading  upon  this  great  chain  of 
lakes,  from  the  St.  Lawrence  to  the  heads  of  Lake  Superior  and  Lake 
Michigan,  never  in  the  most  prosperous  year  enjoyed   earned  ten  million 
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dollars,  which  is  considerably  less  than  this  road  earned  from  freight 
alone  in  1886,  even  at  the  low  rates  I  have  given. 

^^The  history  of  the  growth  and  development  of  this  great  railroad  sys- 
tem from  beginnings  so  insignificant  as  to  seem  ludicrous  now,  has  been 
of  intense  interest  to  me,  as  I  trust  it  will  be  to  you.  I  have  drawn  it 
largely  from  the  official  records,  hence  it  is  at  least  accurate. 

In  1868  what  is  now  tlie  Lake  Shore  &   Michigan   Southern  Eailway 
Company   was  in  four  companies,  to  wit  : 

The  Buffalo  &  Erie. 

The  Cleveland,  Painesville  &  Ashtabula. 

The  Cleveland  &  Toledo. 

The  Michigan  Southern  &  Northern  Indiana. 

By  a  singular  coincidence  these  four  companies  were  each  a  consolida- 
tion of  two  companies,  making  eight  original  companies. 

The  time  allotted  me  will  permit  of  only  a  hasty  glance  at  the  history 
of  each.     I  shall  take  them,  up  chronologically. 

ERIE  &   KALAMAZOO  RAILROAD. 


::^^^ 


First  Locomotive  and  "  Pleasure  Car  "  on  the  Erie  &.  Kalamazoo  R   R  (between 
Toledo  and  Adrian,  33  miles).     Time,  from  4  to  10  hours  !     1837. 

In  1833.  the  then  territory  of  Michigan,  with  a  population  of  only 
about  35.000_(nearly  2,000,000  now)  incorporated  a  company  to  build  a 
railroad  from  Lake  Erie  at  Port  Lawrence  (now  Toledo)  to  the  head  waters 
of  the  Kalamazoo  Eiver,  giving  the  company  the  title  of  Erie  &  Kala- 
mazoo. 

At  that  time  the  entire  road  was  claimed  to  be  in  the  territory  of 
Michigan,  but  on  the  final  adjustment  of  boundaries,  after  the  celebrated 
and  somewhat  ludicrous  Toledo  war^about  one-third  of  the  road— eleven 
miles — was  in  Ohio. 

The  track  consisted  of  a  thin  iron  ribbon  spiked  on  oak  stringers, 
and  would  be  rejected  as  a  street  railroad  now.  It  was  opened  in  1837, 
the  motive  power  being  horses  or  mules  foi  a  considerable  period. 
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In  that  year,  however,  the  first  locomotive  in  the  tier  of  great  States 
bordering  on  the  great  lakes,  and  the  third  locomotive  west  of  the  AUe- 
ghanies,  arrived  at  Toledo  on  a  lake  vessel  for  this  road.  It  was  named 
the  "  Adrian,"  built  by  the  Baldwin  Locomotive  Works,  and  was  their 
No.  80.  Up  to  May  9,  1887,  that  great  industrial  establishment  had 
turned,  out  8,537  locomotives. 

Here  is  a  copy  of  a  local  item  from  the  Toledo  Blade,  1837,  respecting 
this  little  lOrton  locomotive,  also  the  regular  advertisement  of  the  road, 
in  which,  it  is  noticeable,  no  time  is  given  for  the  departure  of  the  train. 
It  left  when  it  got  ready  !  ' 

"  It  aifords  us  pleasure  to  announce  the  arrival  of  the  long  expected  locomotive 
for  the  Erie  &  Kalamazoo  R.  R.  The  business  of  our  place  has  been  embarrassed 
for  want  of  it;  goods  have  accumulated  at  our  wharves  faster  than  we  could 
transport  them  into  the  interior  on  cars  drawn  by  horses,  and,  as  a  natural  conse- 
quence, several  of  our  warehouses  are  now  crowded  to  their  utmost  capacity.  It 
is  expected  that  the  engine  will  be  in  operation  in  a  few  days,  and  then,  we  trust, 
goods  and  merchandise  will  be  forwarded  as  fast  as  they  arrive.  A  little  allow- 
ance, however,  must  be  made  for  the  time  necessary  to  disencumber  our  ware- 
houses of  the  large  stock  already  on  hand. 

ADVERTISEMENT. 

TO  EMIGRANTS  AND  TRAVELERS, 

The  Erie  and  Kalamazoo  Railroad  is  now  in  full  operation  between 

TOLEDO     AND     ADRIAN. 

During  the  ensuing  season  trains  of  cars  will  run  daily  to  Adrian,  there  connect- 
ing with  a  line  of  Stages  for  the  West,  Michigan  City,  Chicago  and  Wisconsin 
Territory. 

Emigrants  and  others  destined  for  Indiana,  Illinois  and  the  Western  part  of 

Michigan 

|^=  Will  Save  Two  Days  „^3!! 

and  the  corresponding  expense,  by  taking  this  route  in  preference  to  the  more 

lengthened,  tedious  and  expensive  route  heretofore  traveled. 

All  baggage  at  the  risk  of  the  owners. 

EDWARD  BISSELL,  )  Commissioners 
W.  P.  DANIELS,  -E.  &  K.  R.  R. 
GEORGE  CRANE,       )  Co. 

A.  HUGHES,  Superintendent  Western  Stage  Company. 

For  ten  years  this  road  had.  a  stormy  and  troublous  existence,  its  affairs 
being  managed  sometimes  by  a  commissioner  acting  for  the  board  of 
directors,  sometimes  by  trustees  appointed  by  order  of  Court,  and  part 
of  the  time  by  a  Receiver  at  the  Toledo  end  and  a  Commissioner  at  the 
Adrian  end,  recalling  the  familiar  anecdote  of  the  retort  of  the  mate  of  a 
vessel  to  the  captain,  ''  My  end  of  this  craft  has  come  to  anchor." 

In  1848  the  road  was  sold  out  under  accumulated  judgments.  Hon. 
Washington  Hunt,  of  Lockport,  N.  Y.,  and  George  Bliss,  of  Massachu- 
setts, were  the  purchasers. 

They  leased  the  road  August  1,  1849,  in  perpetuity,  to  its  rival,  the 
Michigan  Southern,  then  in  operation  from  Monroe  to  Hillsdale,  and, 
although  it  forms  a  part  of  the  main  line  of  the  Lake  Shore  &  Michigan 
Southern  from  Toledo  westward,  the  Erie  &  Kalamazoo  Company  still 
exists,  drawing  and  dividing  its  rental  of  $30,000  per  year.  This  first 
consolidation  settled  the  struggle  for  supremacy  between  Monroe  and 
Toledo  in  favor  of  the  latter. 
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The  following  account  of  a  day's  pleasure  in  (and  out  of)  the  "  Pleas- 
ure-car" in  1841  is  both  interesting  and  amusing: 

To  the  Editor  of  the  Toledo  Blade  : 

During  most  of  the  year  1841,  I  was  employed  as  repairing  agent  of  the  Erie  & 
Kalamazoo  Railroad,  then  in  operation  between  Toledo  and  Adrian.  According 
to  schedule  time,  a  passenger  train  with  one  coach  would  leave  Toledo  in  the 
morning,  make  the  run  to  Adrian,  and  return  to  Toledo  in  the  afternoon,  arriving 
about  6  p.  M.  The  passenger  car  then  used  was  about  the  size  now  in  use  upon 
our  city  street  railroads,  and  was  divided  into  three  compartments,  each  having  a 
front  and  rear  seat,  facing  each  other  and  running  from  side  to  side  of  the  car 
with  a  side  entrance  to  each  compartment.  The  track  was  ironed  with  the  flat 
bar  "  strap  rail,"  as  it  was  caUed.  As  my  home  was  in  Toledo,  I  found  it  necessai'y 
to  go  on  each  Monday  morning  over  the  road,  spending  the  week  in  making  such 
repairs  as  were  necessary,  and  returning  home  on  Saturday  evening. 

In  December,  1841,  one  Saturday  the  train  left  Toledo  on  time  for  Adrian.  I 
was  then  at  Palmyra,  intending  to  take  the  train  for  Adrian  and  return  to  Toledo 
that  evening.  Owing  to  a  severe  storm  of  rain,  freezing  as  it  fell,  the  track  be- 
came covered  with  ice.  The  train  reached  Palmyra  about  4  p.m.  I  entered  the 
middle  compartment  of  the  car,  as  the  train  started  for  Adrian,  and  met  in  the 
car  J.  Baron  Davis  and  wife,  of  Toledo,  sitting  in  the  forward  seat.  Being 
acquainted  with  them  I  thought  I  would  take  a  seat  with  them,  but  seeing  the 
cushion  upon  the  seat  out  of  place,  I  took  the  rear  seat,  facing  the  one  I  had  re- 
jected. We  had  not  gone  more  than  half  a  mile  from  Palmyra,  when  a  "  snake- 
head,"  as  they  were  called  (the  end  of  a  loosened  bar),  came  crashing  through  the 
floor  of  the  car,  passing  diagonally  through  the  seat  I  had  left  vacant,  the  end  of 
the  bar  striking  me  in  my  neck  under  the  chin,  and  pushing  me  backward  with 
such  force  as  to  break  through  the  panel  work  partition  which  divides  the  com- 
partments of  the  car.  Just  at  this  moment  the  other  end  of  the  bar  was  torn 
from  the  track  and  carried  along  with  the  car.  Recovering  my  consciousness  a 
little,  I  found  myself  with  head  and  shoulders  protruding  through  the  broken 
partition,  while  I  held  the  assaulting  "  snake-bead"  firmly  grasped  in  both  my 
hands.  Being  a  stormy  day,  I  had  an  extra  amount  of  clothing  about  my  neck, 
which  the  bar  did  not  penetrate,  so  that  my  injuries  were  not  serious.  The  train 
was  stopped.  Frederick  Bissell,  the  conductor,  was  much  frightened.  Before 
leaving  the  spot,  the  guilty  "  snake-head"  was  once  more  spiked  down,  and  we 
moved  on,  reaching  Adrian  at  6  P.  M.,  having  made  the  run  of  33  miles  in  10 
hours. 

This  train  left  Adrian  for  Toledo  at  7  p.  m.,  and  worked  its  way  along  over 
the  ice-covered  track  until  we  got  out  of  wood  and  water,  when  we  picked  up 
sticks  in  the  woods  and  replenished  the  fire,  and  with  pails  dipped  up  water  from 
the  ditches  and  fed ,  the  boiler,  and  made  another  run  toward  Toledo.  Passing 
Sylvania  we  got  the  train  to  a  point  four  miles  from  Toledo,  when,  being  again 
out  of  steam,  wood  and  water,  we  came  to  the  conclusion  that  it  would  be  easier 
to  foot  it  the  rest  of  the  way,  than  to  try  to  get  the  train  along  any  further.  So 
we  left  the  locomotive  and  cars  standing  upon  the  track,  and  walked  into  the  city, 
reaching  here  about  2 :30  a.  m.  I  was  rather  lame  and  sore  from  contact  with 
the  "  suake-head,"  but  gratified  that  we  were  enjoying  the  "  modern  improve- 
ment "—railway  travel.  M.  Brigham. 

Toledo,  January  13,  1882. 

MICHIGAN  SOUTHERN. 

In  1837  the  Legislature  of  the  State  of  Michigan  projected  and  made 
provision  for  three  railroads  and  one  canal  or  railroad  running  across  the 
four  most  southerly  tiers  of  counties,  which,  at  that  time,  embraced 
nearly  all  the  settled  part  of  the  Stat?. 
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For  the  survey,  location,  construction  and  management  of  these  roads, 
together  with  the  improvements  of  certain  rivers,  and  other  minor  im- 
provements, they  organized  a  Board  of  Internal  Improveuients  and  pro- 
vided for  a  loan  of  $5,000,000.     (Nothing  mean  abouc  Michigan  !) 

Prior  to  this  time  a  number  of  railroad  companies  had  been  authorized 
to  be  incorporated  by  the  territorial  legislature,  and  three  of  them  had 
made  some  progress  in  the  construction  of  their  respective  roads.  The 
oldest  of  them,  the  Detroit  &  St.  Joseph,  was  nearly  finished  to  Ypsilanti, 
but  had  not  commenced  running  the  road.  The  franchises,  rights  and 
property  of  this  company  were  purchased  by  the  State,  and  their  line 
became  a  part  of  the  Central  Railroad  intended  to  run  acio^.s  the  State 
through  the  second  tier  of  counties.  The  company  had  expended  about 
$117,000,  which  amount  the  State  paid,  taking  the  road. 

The  Detroit  &Pontiac  Railroad  was  about  completed,  and  although  the 
State  aided  that  company  by  a  loan  of  $100,000,  the  company  continued 
in  possession  of  the  road,  which  is  now  a  part  of  the  Detroit,  Grand 
Haven  &  Milwaukee  Railroad. 

The  Southern  road  was  one  of  the  projects  of  the  State — authorized  in 
the  ace  of  March  20,  1837.  It  was  intended  to  run  across  the  State,  east 
and  west,  through  the  most  southerly  tier  of  counties,  from  the  navi- 
gable waters  of  the  River  Raisin,  near  Monroe  to  New  Buffalo,  on  Lake 
Michigan.  (Chicago  then  was  a  mere  Indian  tradmg  post,  with  Fort 
Dearborn  in  a  quagmire.) 

It  goes  without  saying  that  in  the  terrible  crash  which  followed  the 
wild  real  estate  boom  of  1836-37,  when  everybody  "busted,"  Michigan 
did  not  get  left.  She  "  busted,  too,"  and  had  a  couple  of  unfinished 
strap  railroads  for  sale.  The  Southern  road,  Monroe  to  Hillsdale,  68 
miles,  with  the  Tecumseh  Branch,  10  miles,  a  total  of  78  miles,  was  sold 
to  the  Michigan  Southern  Railroad  Company,  with  Edwin  C.  Litchfield 
as  its  head,  for  half  a  million  dollars.  Pretty  cheap,  especially  as  the 
purchasers  got  long  time,  and  met  the  installments  with  depreciated 
State  scrip  bought  up  at  50  and  60  cents  on  the  dollar.  But  Michigan 
was  no  hog.  She  knew  when  she  had  enough,  and  about  that  time  she 
was  very  earnestly  hunting  for  somebody  to  help  her  let  go.  In  this 
particular  she  was  not  unlike  a  good  many  Congressmen  of  to-day  who 
voted  for  the  Inter-state  Commerce  bill.  When  their  constituents  get  at 
them  next  time  it  will  not  avail  them  to  plead  they  "didn't  know  it  was 
loaded."  They  ought  to  know  that  the  great  laws  of  supply  and  demand, 
and  excessively  severe  competition  can  be  trusted  to  protect  the  people 
in  this,  as  well  as  all  other  business. 

The  transfer  of  the  Southern  road  was  made  December  23,  1846.  J.  H. 
Cleveland,  who  is  still  living,  was  the  superintendent  of  the  road  for  the 
entire  period  of  its  operation  by  the  State,  1840  to  1846.  At  the  first 
meeting  of  the  board  of  directors  of •  the  new  company,  the  following 
quaint  resolutions  were  adopted  : 

"  Resolved,  That  no  credit  be  given  for  freight  or  passage."  (A  steam- 
boat phrase.) 

''Resolved,  That  there  be  appomted  two  conductors,  or  captains  of 
trains,  who  shall  perform  the  duties  of  collector  of  freight  and  passage 
money,  at  $40  per  month." 
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After  a  long  and  careful  consideration  of  this  important  business,  one, 
Timothy  Baker,  was  elected.  The  other  was  left  to  be  nomi- 
nated by  the  Hillsdale  stockholders.  Little  was  done  during  the 
first  four  years  after  the  purchase,  beyond  getting  a  "  good 
ready,"  raising  money,  developing  the  great  steamboat  business  on 
Lake  Erie,  etc.,  but  in  1850,  1851  and  1852  a  grand  construction  race  for 
Chicago  was  going  on  between  the  Michigan  Southern  and  Mich- 
igan Central.  It  was  a  neck  and  neck  race,  both  roads  reaching  Chicago 
in  May,  1852.  Our  honored  member,  Mr.  J.  H.  Sargent,  bore  a  prominent 
part  in  this'great  construction,  as  well  as  in  that  of  the  Air  Line  subse- 
quently.'^But  I  am  getting  ahead  of  my  story.  The  Michigan  Southern 
Company  07ily  extended  to  the  Indiana  State  line,  a  little  more  than  half 
way  from  Toledo,  or  Monroe,  to  Chicago.  It  is  an  interesting  fact  that 
all  the  original  companies  lost  their  names  except  this  one.  '*  Michigan 
Southern  "  forms  a  part  of  the  title  to-day. 

The  connecting  road  under  substantially  the  same  (Litchfield)  control 
was  the  Northern  Indiana,  to  which  I  will  devote  a  brief  space. 

NORTHERN  INDIANA. 

In  1835  a  member  of  the  Indiana  Legislature,  whose  friends  desired  to 
build  a  railroad  from  La  Porte  to  Michigan  City,  12  miles,  introduced  a 
bill  incorporating  the  "  Atlantic  &  Pacific  Eailroad."  The  other  mem- 
bers laughed  at  so  pretentious  a  name,  when  he,  after  much  argument, 
came  down  to  "  Buffalo  &  Mississippi "  as  the  title  for  his  12  mile  road, 
and  said  he  "  would  not  yield  another  mile."  So  "  Buffalo  &  Mississippi" 
was  the  title  adopted. 

The  corporators  met  at  the  house  of  Col.  Stephen  Downing,  in  Elkhart, 
May  25,  1835,  and  passed  a  resolution  of  inquiry,  directed  to  the  Secretary 
of  War,  as  to  what  steps,  if  any,  had  been  taken  regarding  a  survey  of  a 
railroad  route  from  Maumee  Bay  to  the  Mississippi,  under  a  recent  reso- 
lution of  the  United  States  Senate. 

In  February,  1837  (the  year  of  our  first  great  financial  revulsion),  the 
company  was  organized,  and  the  following-named  gentlemen  made 
directors  :  Robert  Stewart  (President),  William  Barber,  Aaron  Streeter, 
John  B.  Niles  and  John  Brown. 

In  the  Toledo  Weekly  Blade  of  1837,  may  be  found  the  following 
advertisement : 

TO    CONTRACTORS : 

Notice  is  hereby  given  that  the  grading  of  the  Buffalo  &  Mississippi  Railroad  for 
a  double  track  between  Michigan  City  and  La  Porte,  a  distance  of  twelve  miles, 
will  be  let  at  public  outcry  to  the  lowest  bidder,  at  La  Porte,  on  Monday,  the  14th 
day  of  June  next. 

The  maps,  profiles  and  estimates  of  the  route  will  be  ready  for  examination  at 
the  engineer's  office  in  La  Porte,  after  the  1st  of  June. 

Michigan  City,  April  28,  1837.  R.  Stewart,  President. 

As  the  official  record  shows  that  this  work  was  let  on  the  day  named, 
and  names  of  contractors,  prices,  etc.,  stated,  and  as  the  records  show 
considerable  complaint  by  the  contractors  as  to  heavy  discount  on  the 
company's  scrip,  it  puzzled  me  for  a  time  to  ascertain  where  the  con- 
tractors put  in  any  work  on  this  twelve  miles,  but  Judge  Niles,  of  La  Porte, 
clears  it  up  as  follows  :  "  The  location  of  the  road  (La  Porte  to  Chicago 
via  Michigan  City)  was  very  injudicious,  having  steep  grades  and  requir- 
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ing  heavy  work.  About  one  mile  through  the  woods  west  of  and  near 
La  Porte  was  cleared  and  partly  graded,  and  can  still  be  seen.  Some  ex- 
cavating was  also  done  near  the  summit,  six  miles  northwest  from  La 
Porte,  and  the  strip  was  cleared  through  the  heavy  timber  nearer  to 
Michigan  City." 

But  under  the  pressure  of  the  hard  times,  the  whole  enterprise  had  to 
succumb.  In  1838  may  be  found  the  following  quaint  resolution  of  the 
board  : 

Resolved,  That  all  operations  on  the  road  east  of  Goshen  be  suspended  until  the 
the  corps  under  the  direction  of  Mr.  Hardeuberg  be  sufficiently  recruited  in  health 
to  again  enter  the  field,  and  that  they  then  proceed  to  locate  that  part  of  the  road 
from  Goshen  to  the  eastern  line  of  the  State. 

It  may  be  remembered  that  1838  was  that  dreadful  year  of  sickness 
and  hard  times.  This  enterprise  had  the  life  so  completely  knocked  out 
of  it  that,  during  the  eight  years  from  1839  to  1847,  even  the  routine  of 
annual  election  was  neglected.  In  October,  1847,  an  effort  vras  made  to 
resuscitate  the  company,  and  the  following  gentlemen  were  elected  direct- 
ors: William  B.  Ogden,  President;  J.  Young  Scammon,  John  W.  Brooks, 
Chauncey  B.  Blair,  E.  D.  Taylor,  John  B.  Niles,  A.  L.  Osborn. 

They  met  and  called  upon  the  delinquent  stockholders  to  call  and 
settle.  As  but  one  man,  and  he  the  owner  Of  two  shares,  responded, 
this  board  "  threw  up  the  sponge."  Two  years  later,  in  October,  1849, 
Judge  Niles  and  others  concluded  that  having  had  a  fourteen  years' 
struggle  with  that  ambitious  title,  "  Buffalo  &  Mississippi,"  and  as  yet 
not  a  foot  of  track  laid,  they  would  try  a  more  modest  name,  and  so 
organized  the  Northern  Indiana  Railroad. 

The  control  passed  into  the  hands  of  the  Litchfields,  who  were  rapidly 
pushing  the  Michigan  Southern  west,  and  on  May  22,  1852,  the  first 
train  passed  over  the  two  roads,  the  Michigan  Southern  and  the  North- 
ern Indiana,  from  Toledo  to  Chicago— exactly  seventeen  years  after  the 
little  meeting  at  Colonel  Downing's  house  to  organize  the  '*  Buffalo  & 
Mississippi." 

Three  years  later,  in  April,  1855,  the  Michigan  Southern  and  the 
Northern  Indiana  were  consolidated,  and  the  twenty  years'  history  of  the 
"  Buffalo  &  Mississippi  "  and  its  successor— the  Northern  Indiana— from 
1835  to  1855,  ended. 

This  consolidated  company,  the  Michigan  Southern  &  Northern  Indi- 
ana, was  for  a  time  very  strong  and  prosperous,  a  favorite  line  for  busi- 
ncss  from  the  day  of  its  opening,  and  its  stocks  and  bonds  favorites  as 
investments,  or  for  speculation.  It  paid  in  1855  and  1856  ten  per  cent, 
per  annum  to  the  stockholders.  It  launched  out  extensions  and  improve- 
ments, building  the  Air  Line,  the  Detroit,  Monroe  &  Toledo  Railroad, 
the  Jackson  Branch  and  the  magnificent  steamers  "  Western  Metropolis" 
and  "City  of  Buffalo,"  costing  $600,000.  (They  never  earned  expenses,  and 
were  sold  after  lying  idle  in  Monroe  several  years,  for  $50,000.)  In  fact, 
the  road  was  too  enterprising  and  was  caught  with  a  heavy  floating  debt 
by  the  crash  of  1857,  its  paper  going  to  protest  August  19,  1857.  For 
the  six  years,  1858  to  1863  inclusive,  the  road  not  only  paid  no  dividends, 
but  defaulted  on  all  its  bonds  and  was  kept  busy  compromising  debts, 
staving  off  judgments,  etc.     "  As  it  never  rains  but  it  pours,"  right  in 
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the  worst  of  this  dark  period  of  adversity  (June  27,  1859)  came  the  terri- 
bly fatal  and  costly  Mishawaka  accident.  As  this  accident  has  a  peculiar 
interest  for  a  body  of  engineers,  I  will  give  you  a  brief  account  of  it.  A 
very  severe  rain-storm  of  several  hours'  duration  accumulated  a  large 
body  of  water  in  what  is  usually  a  dry  gorge  in  summer,  between  South 
Bend  and  Mishawaka,  Ind.,  and  carried  away  a  stone  arch  culvert  of  9 
feet  span,  with  an  embankment  of  about  20  feet  high  over  it,  between 
10:30  and  12:30  o'clock  at  night.  The  culvert  was  examined  at  10  o'clock 
and  it  readily  passed  the  water.  The  night  passenger  train  from  Chicago^ 
with  seven  cars  well  filled,  running  at  usual  speed  in  Egyptian  darkness, 
plunged  into  the  gorge.  By  the  crushing  of  the  cars,  and  by  drowning, 
forty-three  were  killed  outright  or  died  soon  afterwards,  and  sixty  were 
injured.  The  roadmaster  was  on  the  engine  and  was  killed.  There  was  so 
little  water  in  the  gorge  next  day  that  a  person  could  step  across  it. 

At  one  time  when  the  board  met  in  the  company's  office  in  New  York, 
they  had  to  borrow  chairs  from  neighboring  offices  to  sit  in,  as  the  sheriff 
had  carried  off  all  the  company's  furniture. 

But  the   war,    with   its  incidental  greenback  inflation,   and  feverish 


Coat  of  Arms,  State  of  Michigan. 

MOTTO. 

'If  you  wish  to  see  a  beautiful  peninsula,  look  around!" 


activity  in  business,  came  to  the  rescue  in  1861-65,  bringing  this  great 
property  up  out  of  the  depths  of  bankruptcy.  Its  stock,  which  was  way 
above  par  (145)  in  1856,  sold  down  to  5  cents  in  1860,  was  again  above 
par  (109)  in  1863.  A  most  extraordinary  and  unparalleled  fluctuation,  in 
only  seven  years.  From  1863  to  1869  was  a  period  of  growth  and  pros- 
perity, gathering  in  by  purchase  the  Kalamazoo  &  White  Pigeon,  and  by 
lease  the  Kalamazoo,  Allegan  &  Grand  Rapids,  and  building  great  depots 
at  Chicago  and  shops  at  Elkhart. 

in  May,  1869,  the  history  of  the  Michigan  Southern  and  Northern 
Indiana  came  to  a  close  by  its  consolidation  with  the  Lake  Shore  Railway, 
forming  the  present  Lake  Shore  &  Michigan  Southern  Railway. 

The  Litchfields  retired  from  the  control  and  management  the  day  be- 
fore the  company  failed,  in  August,  1857. 

Whatever  criticism  was  made  upon  their  management,  one  fact  was 
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never  disputed.  They  accomplished  wonders  in  the  brief  period  of  one 
decade,  and  in  the  vernacular  of  the  realm,  to-day,  were  ''hustlers  from 
Hustlerville." 

EAST  OF   TOLEDO. 

While  across  the  base  of  the  great  peninsula  of  Michigan  was  an  obvious 
and  natural  route  for  a  railroad,  a  distance  of  only  243  miles,  from  Toledo 
or  Monroe  to  Chicago — as  against  about  700  miles  of  difficiilt  navigation 
by  the  great  lakes — to  build  a  railroad  along  the  shores  of  Lake  Erie, 
saving  no  distance  and  competing  with  the  great  fleet  of  magnificent 
steamers  that  were,  in  the  season  of  navigation,  plying  daily,  almost 
hourly,  between  Buffalo  and  Cleveland,  Sandusky,  Toledo,  Detroit,  thence 
on  to  Lake  Michigan  ports  and  Chicago,  was  universally  felt,  even  as  late 
as  1851,  to  be  the  silliest  possible  idea  of  a  few  cranks. 

In  the  •'  forties"  the  citizens  of  Erie,  Pa.,  then  a  little  borough  of  3,500 
inhabitants  (Cleveland  had  but  6,071  in  1840)  were  watching  intently  the 
snail-like  progress  of  the  New  York  &  Erie  Railroad,  which  was  building 
very  slowly  toward  Lake  Erie. 

Its  terminus  was  finally  fixed  at  Dunkirk,  which  point  it  reached  May 
15,  1851,  after  a  struggle  of  fifteen  years. 

Railroads  were  not  built  as  easily  then  as  now.  Since  that  time  the 
construction  of  railroads  has  equaled  one  complete  railroad  properly 
equipped  from  New  York  to  San  Francisco  (over  3,000  miles)  for  each 
year. 

The  great  event  was  celebrated  by  an  excursion  train  containing  Presi- 
dent Fillmore,  Secretary  of  State  Daniel  Webster,  and  other  members  of 
the  cabinet,  membars  of  Congress  and  other  notables. 

The  citizens  of  Erie,  in  1846,  organized  a  little  railroad  company  called 
the  Erie  &  Northeast  Railroad,  to  build  a  road  eastward  to  the  New  York 
State  line,  only  20  miles,  of  the  same  gauge  (six  feet)  as  the  New  York  & 
Erie,  with  a  view  of  virtually  extending  that  great  road  beyond  Dunkirk 
to  Erie.  The  intervening  gap  of  28  miles  was  to  be  filled  in  by  another 
company,  called  the  Dunkirk  &  State  line. 

The  system  of  roads  in  the  State  of  New  York,  that,  in  1853,  were  con- 
solidated into  the  New  York  Central,  viewed  with  alarm  this  movement 
in  the  interest  of  the  New  York  &  Erie,  west  of  Dunkirk. 

The  Buffalo  &  State  Line,  68  miles,  to  be  laid  to  the  standard  gauge 
of  4  feet  8|-  inches,  the  same  as  the  New  York  Central  system,  was 
started  in  Fredonia,  N.  Y.,  in  1848.  It  was  necessary  to  get  a  subscrip- 
tion of  $1,000  a  mile,  or  $68,000,  before  the  company  could  be  incor- 
porated. So  intense  and  universal  was  the  conviction  that  a  railroad 
to  compete  with  Lake  Erie  would  be  a  miserable  failure,  it  took  a  year 
of  teasing  and  drumming  by  the  committee  to  get  this  small  sum  sub- 
scribed. Those  who  did  subscribe  did  it  to  get  rid  of  the  persistent, 
troublesome  committee,  and  immediately  charged  their  little  subscrip- 
tions of  $100,  $500  or  $1,000  to  "Profit  and  Loss."  Yet  no  more  profit- 
able 68  miles  of  road  was  ever  constructed  in  the  world  than  was  this. 

A  prophecy  by  William  Wallace,  Chief  Engineer,  dated  March  30, 
1850,  I  quote  : 

"  When  this  road  (the  Buffalo  &  State  Line)  is  completed  and  connected  with 
the  great  lines  which  extend  from  the  lake  shore  through  Ohio  and  other  Western 
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States,  the  business  will  increase  beyond  all  calculations,  particularly  dui'iug  win- 
ter. It  is  not  unusual  at  that  season  to  see  five  stage  coaches  a  day  going  West  at 
two  to  four  miles  per  hour,  loaded  with  passengers.  With  all  this  in  view,  who 
can  estimate  with  any  degree  of  certainty  the  increase  of  business  that  would  re- 
sult from  the  substitution  of  the  car  and  iron  track  for  the  stage  coach  ? " 

He  did  not  dare  to  prophesy  competition  with  the  lakes. 

In  1850,  both  the  Buffalo  &  State  Line  and  the  Dunkirk  &  State  Line 
roads  begun  work  vigorously  on  their  respective  tracks  westward  to  meet 
the  Erie  &  Northeast,  which  also  was  building  eastwardly. 

As  it  was  evidently  foolish  to  build  two  roads  west  of  Dunkirk,  a  com- 
promise was  had  ;  the  Buffalo  &  State  Line  swallowed  the  Dunkirk  & 
State  Line,  and  moved  over  from  Fredonia  to  Dunkirk,  and  was  com- 
pleted February  22,  1852,  with  a  standard  gauge,  running  up  against  the 
Erie  &  Northeast,  which  was  completed  a  month  earlier  (January  19, 
1852),  with  its  gauge  of  six  feet.  Here  was  tltfe  basis  of  a  big  row,  as  we 
shall  see  presently. 

CLEVELAND,   PAINESVILLE  &   ASHTABULA. 

This  city  of  Cleveland,  a  favorite  lake  port  with  great  steamboats  com- 
ing and  going,  black  with  swarms  of  passengers,  was  naturally  very 
skeptical  as  to  the  utility  of  a  railroad  along  the  shore  of  the  lake  east- 
wardly. She  did  not  move  in  fact  until  pushed  into  it  by  Painesville, 
Ashtabula  and  Geneva. 

Books  for  subscription  to  stock  were  opened  at  different  points  July  4, 
1849,  and  on  August  1,  1849,  the  first  meeting  of  these  subscribers  was 
held  at  the  Weddell  House,  with  General  Abel  Kimball,  Chairman,  and 
Heman  B.  Ely,  Secretary. 

A  year  later  (July  26,  1850)  a  contract  was  made  with  Harbach,  Stone 
&  Witt  to  build  the  road. 

As  illustrative  of  the  popular  conviction  of  the  folly  of  trying  to  com- 
pete with  Lake  Erie,  I  copy  the  record  of  the  action  of  the  board  of 
directors,  dated  January  18,  1851. 

"Alfred  Kelly  and  H.  B.  Ely  were  appointed  a  committee  to  make  a  strenuous 
effort  to  get  stock  subscriptions  increased  to  $500,000,  including  the  $75,000  to 
be  paid  to  the  contractors,  and,  if  necessary,  they  be  authorized  to  go  to  New 
York,  but  to  make  no  exclusive  arrangement  with  either  the  New  York  &  Erie  or 
the  New  York  Central  unless  positively  necessary  to  obtain  the  subscriptions  de- 
sired." 

In  view  of  the  following  facts,  how  odd  the  foregoing  sounds.  The 
road  was  opened  November  20, 1852  ;  July  1,  1853,  the  stockholders  were 
invited  to  call  at  the  treasurer's  office  and  draw  a  dividend  of  five  per  cent. ; 
six  months  later  the  same.  And  so  on  for  20  years  every  six  months 
never  less  than  five,  sometimes  8  or  10  per  cent. 

Panics,  hard  times,  war,  pestilence  or  famine  might  come,  but  this 
road  could  say  with  the  great  apostle,  "  none  of  these  things  move  me.'' 
It  made  every  original  stockholder  who  stayed  in  rich.  A  small  stock 
investment  made  reluctantly  by  the  city  of  Cleveland  was  the  basis  and 
chief  factor  of  its  great  Sinking  Fund,  one  of  the  financial  wonders  of 
the  world. 

Here  then  was  a  line  from  Cleveland  to  Buffalo,  183  miles,  but  right  in 
the  middle  was  the  Erie  &  North  East  with  its  gauge  of  six  feet,  necessi- 


LAKE  SHORE  &  MICHIGAN  SOUTHERN  RAILWAY.  351 

tating  two  transfers  of  both  freight  and  passengers,  one  transfer  at  Erie, 
and  another  at  State  Line,  only  20  miles  apart.  And  yet  business  was 
actually  done  that  way  for  a  year.  As  business  increased,  this  obstruc- 
tion, like  a  fish-bone  in  one's  gullet,  became  intolerable,  so  on  November 
16,  1853,  a  contract  w^as  made  to  change  the  gauge  of  this  20  miles  to  the 
standard  gauge. 

For  various  reasons   the   city  of  Erie  was  violently  opposed  to  this. 
Hence  followed  the  celebrated  Erie  war.     It  lasted  from   December  7 
1853,  to  February  1,   1854,   closing  the  road   between  Erie  and  Harbor 
Creek,  seven   mile?,  over   which   bleak  place  passengers  had  to  ride  in 
sleighs,  or  walk,  enduring  all  the  rigors  of  a  severe  winter. 

A  settlement  was  finally  made  by  which  the  city  of  Erie  compelled 
the  two  roads  east  of  Erie  to  agree  to  build  the  Erie  &  Pittsburgh  Rail- 
road, and  the  Cleveland  road  to  take  half  a  million  stock  in  the  road, 
then  called  the  Sunbury  &  Erie,  now  Philadelphia  &  Erie  Railroad. 

On  February  1,  1854,  the  first  train  passed  from  Buffalo  to  Erie,  and  on 
to  Cleveland  over  a  uniform  gauge.  On  May  15,  1867,  the  Buffalo  &  State 
Line  and  the  Erie  &  North  East  railroads  were  consolidated  into 
the  Buffalo  &  Erie  Railroad,  and  on  June  22,  1869,  this  company 
was  consolidated  into  the  Lake  Shore  &  Michigan  Southern,  after  a  his- 
tory of  twenty  years  of  marvelous  growth  and  prosperity.  I  now^  come 
to  a  brief  history  of  the  last  link  in  this  chain  of  road  uniting  Chicago 
and  the  great  VV^est  to  the  seaboard  cities  of  New^  York  and  Boston. 

THE    CLEVELAND    &    TOLEDO. 

The  Toledo,  Nor  walk  &  Cleveland  Railroad,  a  Norwalk  enterprise,  was 
organized  at  a  meeting  held  at  the  Court  House  in  Norwalk.  September  24, 
1850.  The  object  of  the  organization  was  to  build  a  railroad  from  Graf- 
ton, on  the  Cleveland,  Columbus  &  Cincinnati  Railroad,  to  Toledo,  a  dis- 
tance of  87  miles.  This  was  done  rapidly  (for  those  days),  the  last  rail 
being  laid  at  Monroeville,  January  24,  1853.  The  road  was  immediately 
buried  up  with  business,  and  paid  a  dividend  of  five  per  cent,  in  July 
following. 

Under  the  careful,  honest  management  of  the  president,  Charles  L. 
Boalt,  of  Norwalk.  the  road  was  built  and  fairly  equipped  for  $15,530  per 
mile,  which  was  $2,500  less  than  the  estimate  of  the  engineer,  Mr. 
Harbach,  who  made  the  preliminary  surveys. 

Mr.  G.  A.  Hyde,  of  this  Club,  was  the  engineer  in  charge  of  construc- 
tion of  the  western  part  of  this  road. 

About  the  same  time  (1850)  a  rival  road  was  organized  by  Judge 
Ebenezer  Lane,  of  Sandusky,  aided  by  Elyria  parties,  called  the  Junction 
Railroad,  to  run  from  Ohio  City,  via  Elyria  and  Sandusky,  to  Millbury,  9 
miles  east  of  Toledo  (with  a  branch  to  Toledo),  thence  on  through  Perrys- 
burg  and  Maumee  to  Swanton  on  the  Air  Line  of  the  Michigan  Southern 
&  Northern  Indiana— a  total  distance  of  134  miles.  Only  the  part  from 
Ohio  City  to  Millbury,  99  miles,  was  built,  although  the  rest  was  nearly 
all  graded,  and  the  bridge  across  the  Maumee  River,  at  Perrysburg,  was 
built. 

These  two  roads  were  consolidated  into  the  Cleveland  &  Toledo  Sep- 
tember 1,  1858,  which  company  pushed  the  construction  of  the  Junction 
road,  or  Northern  Division,  opening  it  to  Sandusky  October  24,  1853,  and 
to  Millbury,  near  Toledo,  April  24,  1855. 
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After  the  crash  of  1857,  and  the  resulting  depression  in  business,  that 
portion  of  the  northern  division  west  of  Sandusky  was  abandoned,  the 
superstructure  being  taken  away.  While  the  Cleveland  &  Toledo  Railroad 
had  its  ups  and  downs,  like  the  Michigan  Southern  &  Northern  Indiana,  it 
was,  on  the  whole,  very  prosperous,  returning  good  dividends  to  its  stock- 
holders. The  two  notable  events  in  its  life  were  the  building  of  the  iron 
bridge  across  the  mouth  of  the  Cuyahoga  River,  and  changing  the  East- 
ern terminus  of  the  Southern  division,  in  1866,  from  Grafton  to  Elyria. 
The  Cleveland  &  Toledo  and  Cleveland,  Painesville  &  Ashtabula  railroads 
were  consolidated  in  March,  1869,  and  called  the  Lake  Shore  Railway. 
Two  months  later  this  company  was  consolidated  with  the  Michigan 
Southern  &  Northern  Indiana  Railroad,  so  in  May,  1869,  the  consolidated 
Lake  Shore  &  Michigan  Southern  Railway  was  born. 

The  new  consolidated  company  immediately  inaugurated  an  extensive 
system  of  improvements.  The  line  between  Elyria,  O.,  and  Buffalo  was 
double  tracked,  the  abandoned  line  from  Sandusky  to  Millbury  rebuilt, 
the  old  project  of  building  the  branch  south  from  Ashtabula  revived  and 
carried  to  completion,  tbe  branch  to  Lansing,  Mich.,  built, 
the  Mahoning  Coal  Railroad  to  Youngstown  built,  the  James- 
towm  &  Franklin  Railroad  extended  to  Oil  City.  Large  pur- 
chases of  locomotives  and  cars  were  made,  and  other  great  improve- 
ments were  contemplated,  when  came  the  financial  cyclone  of  1873, 
overtaking  this  road  as  the  crash  of  1857  did  the  Michigan  Southern  & 
Northern  Indiana,  and  brought  it  up  all  standing.  The  next  four  years 
was  a  period  of  great  depression — paying  up  debts,  and  paying  small 
dividends,  under  the  careful  conservative  management  of  Commodore 
Yanderbilt. 

Just  a  week  before  his  death  (January  4,  1877)  came  that  terrible  Ashta- 
bula accident,  killing  outright  92  persons  and  injuring  64.  Only  8  escaped 
unhurt. 

Mr.  George  M.  Reid,  Superintendent  of  Bridges,  and  an  esteemed 
member  of  this  club,  was  on  this  train,  but,  fortunately,  was  one  of  the 
eight  who  were  not  injured.  He  dragged  out  of  the  car  his  companion, 
Harvey  Tilden,  then  in  charge  of  water  supply,  who  was  stunned  and  his 
clothing  on  fire.  An  idea  of  the  terrible  force  of  the  wind  that  night 
may  be  gained  by  the  fact  that  the  car  Mr.  Reid  was  in  (the  last  one), 
weighing  perhaps  35  tons,  was  blown  75  feet  up  the  valley  in  falling  65 
feet. 

When  one  considers  all  the  destructive  elements  that  entered  into  a 
conspiracy  against  that  doomed  train,  it  is  a  wonder  that  a  single  human 
being  escaped  from  it  alive.  This  accident  cost  the  company  directly 
three-quarters  of  a  million  dollars — saying  nothing  of  the  large  indirect 
loss  by  interruption  of  business,  etc. 

The  same  careful,  vigorous,  clean  management  inaugurated  by  Com- 
modore Vanderbilt,  was  continued  by  his  able  son,  William  H.  Vander- 
bilt, until  his  death  (December  8,  1885),  and  is  being  maintained  to-day 
by  the  latter's  sons. 

As  regards  competition,  the  policy  of  all  these  roads  has  been  exactly 
that  which  old  Polonius  advised  his  son  Laertes  to  adopt:  "Beware  of 
entrance  to  a  quarrel,  but,  being  in,  bear  it  that  the  opposer  may  be- 
ware of  thee." 


LAKE  SHORE  &  MICHIGAN  SOUTHERN  RAILWAY.  353 

This  system  has  been  viciously  attacked,  in  front,  in  rear,  and  on 
both  flanks,  but  it  has  always  made  it  exceedingly  dusty  for  its  assail- 
ants, and  has  fought,  defensively,  its  way  to  its  present  position  of  the 
leading  line  between  the  East  and  West. 

It  is  a  gratifying  fact  that  in  all  its  history  of  fifty  years  (1836-1886) 
this  great  enterprise  was  never  stronger,  more  vigorous,  physically  or 
financially,  than  it  is  now;  and  there  is  no  room  for  doubt  that  long  after 
we  are  gone  and  forgotten,  it  will  continue  to  be  an  important  factor  in 
the  welfare  of  generations  yet  unborn. 


DISCUSSION  ON  MR.    LELAND'S  PAPER. 

Mr.  Leland  :  The  assistant  chief  engineer  of  the  L.  S.  &  M.   S.   is  here 
and  may  be  able  to  give  us  some  information  with  regard  to  it. 

Mr.  G.  "R.  Hardy  :  Owing  to  my  recent  connection  with  the  road  the 
subject  is  probably  more  familiar  to  most  of  the  members  of  the  Club 
than  it  is  to  me.  From  the  present  outlook  I  consider  the  L.  S.  &  M.  8. 
a  magnificent  piece  of  property.  With  regard  to  its  location  in  connec- 
tion with  the  New  York  Central  it  is  more  favorably  situated  than  any 
line  of  which  w^e  know  at  present.  As  to  its  grade  and  alignment,  the 
time  is  undoubtedly  approachinsr  when  the  gradients  will  be  reduced  to 
the  neighborhood  of  1^  feet  as  a  maximum,  with  one  or  two  points  where 
perhaps  additional  power  will  be  used.  When  you  connect  that  with  the 
New  York  Central  system  where  they  have  only  an  adverse  of  78  feet  for 
a  short  distance,  the  line  may  be  called  a  level  one.  The  alignment  is 
wonderful.  Between  here  and  Toledo  we  have  some  40-foot  grades  get- 
ting up  from  the  Cleveland  station,  and  also  about  25  or  26-foot  grades  in 
short  sections.  East  of  this  place  the  greatest  adverse  grades  are  on  the 
Buffalo  Division.  On  the  Air  Line  Division  we  shall  see  most  of  the 
work  of  the  coming  year  in  reducing  grades  ;  all  but  one  or  two  points 
will  be  brought  down  to  16  feet.  On  the  Western  Division  there  is  only 
one  place  where  the  grade  is  such  as  to  require  a  helper  engine  ;  the 
other  18  feet  grades  are  being  reduced.  I  used  to  think  that  the  largest 
business  of  the  L  S.  &  M.  S.  was  east  bound,  but  since  I  have  become 
connected  with  it  I  find  that  it  has  as  much  business  in  one  direction  as 
another. 

Mr.  G.  A.  Hyde  :  With  regard  to  the  Toledo,  Norwalk  &  Cleveland 
Railroad,  I  will  say  that  on  the  1st  day  of  January,  1851,  1  commenced  at 
Elmore  to  locate  that  portion  of  the  line  extending  from  Toledo  to  Belle- 
vue,  and  completed  it  during  the  early  part  of  that  year.  The  work  of 
clearing  and  grading  was  commenced  soon  thereafter,  and  was  pushed 
forward  as  fast  as  possible  with  inexperienced  contractors.  The  road- 
bed and  bridges  completed,  the  track  was  laid  promptly  by  Chandler, 
Brown  &  Company,  and  the  road  was  opened  to  public  travel  in  1858. 
That  portion  of  the  road  extending  from  Toledo  to  Fremont  runs  over  a 
level  country,  and  was  prepared  for  the  rail  for  the  small  sum  of  $3,000 
per  mile. 

Mr.  Leland:  Will  Mr.  Sargent  explain  why  that  Michigan  line  was 
built  from  Hillsdale  around  by  Jonesville  ? 

Mr.  Sargent :  The  line  from  Hillsdale  to  Coldwater  was  located  by  Mr. 
Hubbard,  a  brother-in-law  of  Mr.  Litchfield,  and  its  construction  was 
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well  under  way  before  1  entered  upon  the  road,  so  I  cannot  say  just  what 
influences  were  used.  Jonesville  was  an  important  manufacturing  town 
for  the  day,  and  carried  quite  an  influence  in  the  Legislature.  The  fight 
between  the  Michigan  Central  and  the  Michigan  Southern  interests  was 
very  fierce,  and  legislative  influence  was  needed.  I  am,  however,  in- 
clined to  think  that  Jonesville  furnished  a  much  better  outlet  from  the 
St.  Joseph  River  Valley  than  Hillsdale,  and  better  grades  and  alignment 
were  jiossible  by  following  up  the  river  to  Jonesville  than  by  striking  out 
directly  for  Coldwater  from  Hillsdale.  But  from  Coldwater  to  Chicago 
the  physical  features  of  the  country  governed  the  location,  and  the 
respondent  gained  the  enmity  of  some  powerful  minds  by  keeping  his 
eye  singly  on  Chicago.  He  has  now  the  supreme  satisfaction  of  saying 
that  ex-governors,  town  councils  and  even  the  directors  of  the  road  could 
not  in  the  least  avail  to  turn  his  lines  from  that  foresight.  Dollars  and 
time  were  more  precious  then  than  now,  and  had  to  be  considered,  but  for 
the  time  the  alignments  and  grades  of  the  Michigan  Southern  and  IS  orthern 
Indiana  were  remarkable.  The  charter  said  we  must  go  to  Michigan 
City,  but  the  maker  of  the  earth  said  we  should  go  by  the  way  of  Boyle- 
town,  some  forty  miles  to  get  twelve,  and  we  went  there. 

Mr.  Searles  :  I  would  like  to  call  the  attention  of  the  members  to  that 
long  tangent  of  the  air  line  and  to  suggest  as  a  topographical  reason  for 
the  length  of  it  that  it  is  almost  e^iactly  in  the  line  of  the  axis  of  Lake 
Erie  produced.  Probably  at  one  tine  the  lake  extended  back  to  the 
Indiana  line,  and  that  swamp  line  may  once  have  been  the  bottom.  I 
would  like  to  inquire  what  is  the  general  elevation  of  that  long  tangent 
above  the  present  lake  level  ? 

Mr.  Sargent :  It  is  400  or  500  feet,  perhaps  in  some  places  600.  Mel- 
burne  is  about  432.  One  time  in  that  swamp  country  I  had  got  down 
about  ten  feet  when  we  struck  something  solid.  We  excavated  and 
found  the  skeleton  of  a  mammoth.  It  was  a  monster.  A  remarkable 
circumstance  was  that  one  of  the  fore  legs  was  worn  off  quite  round 
The  animal  must  have  lost  a  part  of  the  leg  and  gone  about  on  the 
stump. 

Mr.  Holloway:  f  think  that  paj)ers  of  the  kind  just  presented  by  Mr. 
Leland  are  of  great  value,  as  they  give  the  early  history  of  some  of  the 
important  engineering  works  of  the  country,  and  being  printed  in  the 
transactions  of  this  Club,  they  will  be  preserved  for  the  future,  when 
otherwise  they  might  be  lost.  The  meeting  of  to-night  is  a  remarkable 
one.  as  we  have  with  us  some  of  the  pioneer  engineers  who  laid  out  and 
surveyed  railroads  whose  names  and  locations  are  well  nigh  forgotten. 
Among  the  prominent  roads  of  the  State  may  be  named  the  ''Lake 
iShore,"  and  I  have  listened  with  pleasure  to  what  our  Member,  Mr.  Sar- 
gent, has  said  of  its  early  days.  While  it  is  well-known  that  the  history 
of  this  road  can  be  traced  back  a  good  many  years,  I  think  few  are  aware 
that  in  one  place  it  was  founded  on  the  bones  of  a  mastodon.  The  trav- 
eler of  to-day  as  he  rides  in  the  luxurious  and  swift  car,  little  dreams  of 
the  trials  and  difficulties  our  engineers  have  had  in  w  ading  swamps,  cut- 
ting through  forests,  and  filling  sparkling  lakes,  as  well  as  sinking  bogs 
in  order  to  obtain  the  substantial  roadbed  over  which  *'the  limited" 
now  skims  so  smoothly.     While  it  is  contrary  to  the  custom  of  this  Club 
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to  tender  a  vote  of  thanks  to  any  of  its  Members  for  papers  read,  I  know 
of  nothing  in  the  constitution  that  will  prevent  the  individual  Members 
present  from  thanking  Mr.  Leland  for  his  valuable  contribution  to  the 
literature  of  the  Club.  I  would  in  addition  move  that  Mr.  Sargent  be  re- 
quested to  formulate  his  early  experience  on  this  road,  and  present  it  at 
some  future  meeting. 

Mr.  Leland  :  Before  Mr.  Holloway  came  in  I  was  about  to  refer  to  the 
fact  that  the  early  engines  on  the  Lake  Shore  were,  thirty-five  years  ago, 
built  by  the  company  with  which  he  has  so  long  been  connected;  they 
were  known  among  the  engineers  as  *'Cuyahogs." 

Mr.  Holloway  :  The  engines  referred  to  by  Mr.  Leland  were  built  from 
plans  and  under  the  direction  of  Mr.  Ethan  Rogers,  one  of  the  earliest,  as 
well  as  one  of  the  best  engineers  along  these  lakes.  The  peculiarity  of 
Mr.  Rogers'  locomotives  was  that  they  were  almost  entirely  built  of 
wrought  iron  and  steel,  and  so  constructed  that  they  could  weave  and 
twist  over  the  rough,  uneven  and  unballasted  roads  of  that  early  day 
without  breaking  down,  which  I  believe  the  heavy  cast  iron  engines  of 
to-day  could  not  have  done.  Another  peculiarity  of  the  "  Cuyahogs" 
was.  that  they  used  an  independent  steam  cut-off  valve  instead  of  cut- 
ting off  by  a  link,  as  is  now  done  ;  this  enabled  the  engine  to  start  up  a 
heavy  lead  quickly,  and  to  pull  it  over  the  line  economically.  If  you 
should  happen  to  stray  about  the  "  round  houses,"  and  listen  to  the  tales 
there  told  by  the  old  engineers,  you  would  be  led  to  believe  that  the 
Cleveland  built  engines  were  indeed  "  Hustlers."  A  backwoods  test  was 
once  made  between  a  Cuyahoga  engine  and  an  Eastern  one  as  to  the 
economy  of  fuel.  Both  engines  started  from  Columbus  with  exactly  the 
same  load  and  the  same  quantity  of  fuel.  With  careful  handling  the 
Eastern  engine  managed  to  creep  into  Cleveland  as  the  last  of  the  fuel 
was  burned  out,  but  the  "Buckeye  engine,"  as  it  reached  Cleveland, 
gave  one  blast  of  defiance  and  then  went  on  to  Painesville  before  it  came 
to  a  standstill. 
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CHICAGO. 


By  J.  H.  Sargent,  Member  of  the  Civil  Engineers'  Club  of  Cleveland. 

[R^ad  August  9,  1887.] 

During  the  political  excitement  of  "  Tippecanoe  and  Tyler  too" — of 
log  cabins  and  hard  cider — forty-seven  years  ago,  when  few  of  the 
members  of  this  Club  were  out  of  their  swaddling  clothes,  or  in  them  for 
that  matter,  the  old  fossil  who  attempts  to  address  you  to-night  com- 
menced railroad  engineering  on  what  is  now  known  as  the  Lake  Shore  & 
Michigan  Southern  Railroad. 

The  ignorance  of  the  "principles  and  practice"  of  railroads  was  in 
those  days  profound.  There  were  almost  no  precedents,  and  experts  were 
quite  as  scarce  as  dollars,  which  is  saying  a  good  deal. 

New  York  had  started  in  to  build  a  road— the  New  York  &  Erie — from 
New  York  to  Lake  Erie,  and  a  class  of  men  which  would  be  called  to-day 
a  syndicate  "logrolled"  the  Ohio  Legislature  until  they  procured  the 
passage  of  what  was  called  the  "  plunder  law."    This  law  provided  that 


356  ASSOCIATION  OP  ENGINEERING  SOCIETIES. 

when  certain  companies  named  should  have  expended  a  certain  sum  of 
money  in  the  construction  of  their  road,  the  State  would  loan  them  a 
like  amount  of  State  bonds. 

One  of  these  companies  was  the  "  Ohio  Railroad  Company,"  chartered 
to  construct  a  railroad  from  the  State  line  on  the  east  along  the  lake  to 
the  Maumee  River,  at  Manhattan,  below  Toledo.  The  subscribers  to  this 
company  transferred  their  farms,  town  lots  and  other  property  (money 
they  had  none)  to  the  company  in  payment  of  stock.  Upon  this  property 
money  was  raised  and  work  in  earnest  was  begun.  Finally  estimates 
were  fixed  up  so  that  the  company  drew  some  $350,000  in  State  bonds. 
The  company  had  banking  privileges,  and  "  Ohio  Rulroad  bills"  were  as 
plenty  as  Canada  soldiers  in  June.  Then  went  up  the  cry  of  "  plunder," 
and  the  Legislature  repealed  the  law,  and  up  went  the  company,  the  en- 
gineers were  paid  off  in  old  pile  drivers  and  the  road  slept  the  sleep  of  the 
just  for  ten  years.  The  wise  ones  said  this  was  to  be  expected,  for  it  was 
"  an  insult  to  the  Almighty  to  build  a  railroad  along  Lake  Erie." 

I  will  give  a  brief  description  of  the  mode  of  construction  in  those 
primitive  days  :  The  road  was  laid  through  a  very  wooden  country, 
^^'est  of  Sandusky  some  fifty  miles  was  through  an  almost  unbroken 
forest  plain  of  heavy  timber.  Timber  was  of  little  worth,  so  the  grade 
was  made  of  timber,  that  is,  the  road  was  built  upon  piles,  even  through 
the  few  shallow  cuttings.  The  gauge  was  six  feet  and  the  piles  were 
driven  five  feet  apart  longitudinally.  The  drivers  were  double,  with  two 
hammers  and  two  pairs  of  leader.  The  rails  were  fastened  to  the  bottom 
of  the  sills  to  run  on  iron  rollers  placed  on  top  of  the  piles.  A  circular 
saw  was  hung  on  a  sway  bar  between  the  leaders  at  grade.  The  piles 
were  delivered  along  the  line  on  either  hand  with  the  butts  towards  the 
machine.  By  means  of  friction  winches  and  long  ropes  passing  over  the 
head  of  the  leaders  they  were  snatched  up  and  brought  to  their  places 
with  great  promptness  and  precision.  When  the  piles  were  driven  the  saw 
was  brought  to  grade  in  this  wise:  The  engineers  had  provided  a  set  of 
two  grade  pegs  every  fifty  feet.  On  two  sets  of  these  were  placed  straight- 
edges, with  another  on  the  saw.  By  means  of  screws  the  sway  bar  was 
raised  or  lowered  to  brirg  the  top  of  these  straight-edges  into  the  same 
plane.  Then  the  saw  was  set  in  motion  and  swung  right  and  left,  cutting 
off  the  piles  to  grade.  Then  the  wheels  or  rollers  were  placed  upon 
them;  a  drag  rope  on  each  side  was  hooked  to  the  pile  and  carried 
through  a  sheave  at  the  rear  and  brought  forward  to  the  winch. 

The  engineers  had  also  provided  centre  stakes  ahead  and  a  ver- 
tical line  in  the  head  of  the  machine.  By  means  of  the  two 
drag  ropes,  the  great  machine  was  easily  kept  to  line.  Next 
followed  the  tie  fitters.  The  ties,  generally  of  white  oak,  were  made 
in  sectors,  split  from  trees  some  two  feet  in  diameter  and  must 
have  a  dressed  face  on  the  bark  side  of  eight  inches  ;  this  tie  was 
fitted  to  the  top  of  the  pile,  its  centre  being  brought  to  line.  The 
engineer  then  pricked  off  the  grade  on  every  fourth  tie  so  as  to  leave 
about  four  inches  neck  above  the  top  of  the  pile  ;  wedge  shaped  gains 
were  then  sawed  to  receive  the  wooden  rails,  about  nine  inches  wide. 
These  gains  were  nicely  adzed  out  to  grade  with  the  help  of  sixteen  foot 
straight-edges  ;  next  a  two-inch  auger  hole  was  bored  through  the  tie 
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and  twelve  inches  into  the  pile;  then  four  inches  of  salt  was  poured  into 
the  hole  and  a  red  cedar  pin  was  driven  hard  upon  it.  Perhaps  the 
reason  why  these  piles,  many  of  them,  after  forty  years'  exposure, 
are  still  standing,  is  that  this  salt  has  not  wholly  lost  its  savor. 
The  piles  had  to  be  not  less  than  ten  inches  in  diameter  at 
the  small  end.  Some  of  them  were  split  piles,  four  being  made 
from  one  cut  ;  this  was  permitted  only  where  the  grade  was  low. 
And  now  the  saw-mill  gets  in  its  work.  These  mills  were  models  of 
simplicity  and  efficiency.  The  cylinder  was  inverted  over  the  saw  with 
the  piston  attached  direct  to  the  muley  saw.  The  rails  were  eight  by 
nine,  and  I  have  known  as  many  as  twenty  of  these  rails  to  be  made 
from  one  cut.  These  were  sized  and  keyed  into  the  gains,  the  nine  inches 
vertical.  The  saw  logs  were  gathered  in  at  convenient  points  along  the 
track;  always  enough  to  make  rails  sufficient  to  reach  to  the  next  station 
ahead.  The  mill  being  on  wheels  was  then  hauled  forward  to  the  next 
station  by  oxen.  I  fear  I  shall  weary  you  by  these  particulars,  but  it  is 
a  picture  of  the  past  that  may  never  be  seen  again.  The  design  was  to 
place  maple  ribbons  on  top  of  these  rails,  upon  which  iron  bars,  seven- 
eighths  inch  thick,  were  to  be  spiked,  and  to  fill  in  with  earth  before  this 
superstructure  decayed;  this  was  afterward  done  upon  the  Sandusky  & 
Mansfield,  now  Baltimore  &  Ohio,  Lake  Division. 

I  cannot  leave  the  description  of  the  Ohio  Railroad  without  some  ref- 
erence to  its  Chief  Engineer,  Cyrus  Williams.  If  not  a  self-made 
man,  he  was  a  ready-made  man.  The  first  I  knew  of  him  he 
was  a  barn  builder  in  Central  New  York.  While  at  this  calling  he 
stuck  an  adze  into  his  knee;  when  the  wound  healed,  he  found  himself 
a  cripple,  for  he  could  not  straighten  his  leg.  All  undaunted  he  bought 
himself  a  kit  of  shoemaker's  tools  and  went  to  pegging  his  way  through 
the  world.  A  remnant  of  the  Seneca  Indians  lived  in  the  neighborhood, 
and  one  of  them  seeing  Mr.  Williams'  condition  usked  the  cause;  when  he 
learned  it  he  nodded  his  head  and  said,  "Me  cure  him,  me  cure  him." 
The  next  time  he  came  to  town,  he  brought  a  bottle  of  Seneca  oil,  the 
modern  petroleum,  and  sure  enough  a  faithful  and  persistent  application 
of  this  finally  set  Mr.  Williams  on  his  pins  again.  From  the  building  of 
barns  he  progressed  to  the  building  of  houses,  hotels,  court-houses  and 
finally  bridges.  As  the  Ohio  Railroad  from  end  to  end  was  one  continu- 
ous pile  bridge,  Mr.  Williams  was  well  fitted  to  be  its  chief.  As  I  said  he 
was  a  ready-made  man;  but  he  knew  very  little  about  mathematics;  so 
he  secured  an  assistant  that  did  know  something  about  mathematics 
but  very  little  else,  and  the  construction  went  on  with  vigor  as  long  as 
there  was  a  shot  in  the  locker.  Yes,  even  longer.  Farewell  my  first 
love,  the  Ohio  Railroad,  you  were  born  a  little  too  soon,  as  was  my  last 
love, — a  purified  river  and  an  outside  harbor.  The  ghost  of  the  first  has 
arisen  in  its  glory.     So  may  it  be  with  the  last. 

This  was  largely  a  Cleveland  project.  Its  general  offices  and  bank 
were  here  as  well  as  some  of  its  chief  promoters.  The  seed  then  sown 
fell  upon  a  barren  soil.  It  lacked  coin  as  a  fertilizer.  Here  it  rested  for 
some  years,  while  Cleveland  was  content  with  her  canal  boats  and  lake 
navigation.  Meantime  the  little  town  of  Sandusky,  without  state  or 
government  aid,  was  pushing  out  one  line  of  rails  towards  Cincinnati 
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and  another  towards  Newark.  While  engaged  upon  this  last  work,  at  the 
request  of  the  Cleveland  Plain  Dealer,  I  prepared  sketch  maps  of  the 
State,  showing  what  was  being  done  by  Sandusky,  and  that  Cleveland 
might  push  out  towards  Columbus  and  Cincinnati,  with  estimates  of 
business  so  very  small  that  I  should  be  ashamed  to  repeat  them 
to-day,  but  far  too  large  for  the  credulity  of  the  age.  The  seed, 
however,  was  sprouting,  and  men,  where  enterprise  was  backed 
by  their  dollars,  began  to  open  their  eyes.  The  C,  C,  C.  &  I. 
Company  was  organized,  and  the  same  Cyrus  Williams  and  his  assist- 
ant were  placed  in  the  field,  and  the  whole  country  between  Millersburgh 
on  the  east  and  Marion  on  the  west  was  scoured,  and  a  pamphlet  re- 
port, with  profiles,  maps  and  estimates  was  made.  This  took  the  eye 
of  some  New  York  and  Massachusetts  men  of  enterprise,  and  brought 
Harback,  Stone  and  Witt  to  the  front  and  introduced  them  to  the  mag- 
nificent fortunes  awaiting  them  at  Cleveland.  There  were  two  parties  in 
the  company,  one  led  by  the  late  Governor  Alfred  Kelly,  who  desired  to 
carry  the  road  over  the  hills  on  the  east,  and  the  other  by  Harback, 
Stone  and  Witt,  who  wished  to  turn  them — the  hills — on  the  west.  L. 
W.  Ashley,  an  imported  engineer,  was  placed  in  charge  of  the  eastern 
route,  and  a  native  engineer — your  humble  servant — was  called  home 
from  Lake  Superior,  after  the  snow  began  to  fl^y  iu  the  fall  of  1847,  and 
placed  in  charge  of  the  western  route.  I  took  the  level  myself,  with  the 
late  General  Devereau  as  rodman.  Suffice  it  to  say  that  the  Westerns 
"  got  there,"  and  by  July,  1849,  the  rails  reached  Wellington.  When 
the  consummation  of  this  project  was  assured,  the  active  spirit  of  Fred- 
erick Harback,  far  too  active  ror  the  body  that  suf)ported  it,  sought 
other  fields  to  conquer.  I  have  introduced  into  this  paper  much  of  the 
C,  C,  C.  &  I.  road  as  an  introduction  or  stepping  stone  to  the  great  ulti- 
matum, the  Lake  Shore  &  Michigan  Southern,  to  which  I  will  now 
return. 

Mr.  Harback  formed  a  combination  by  which  the  lazy,  sleeping  Buf- 
falo &  Mississippi  Railroad  to  run  from  Toledo  to  Michigan  City  on  Lake 
Michigan  was  secured. 

In  July,  1849,  I  was  withdrawn  from  the  C,  C,  C.  &  I.  and  sent  to 
Laporte,  probably  for  Legislative  purposes,  and  directed  to  get  a  grade 
of  twenty  feet  to  the  mile  from  Laporte  to  Michigan  City  ;  but  always 
keeping  my  right  eye  on  Chicago.  Now  Laporte  is  some  four  miles  south 
of  the  divide  between  Lake  Michigan  and  the  Ohio  River  waters,  and  is 
several  hundred  feet  above  Michigan  City,  while  the  two  are  only  about 
twelve  miles  apart,  An  old  line  had  been  located  and  partly  graded  on 
a  grade  of  seventy-five  feet  per  mile.  I  soon  found  that  the  twenty-foot 
grade  pointed  directly  towards  Chicago;  so  I  ran  my  line  to  Bailytown, 
twenty  miles  to  the  foot  of  the  grade,  then  turning  on  an  acute  angle  to 
the  right,  I  ran  back  twenty  miles  more  on  a  perfect  plain  to  Michigan 
City.  This  was  the  main  line,  and  was  approved  and  finally  constructed. 
Next,  Goshen  was  a  town  out  of  the  way,  but  had  great  legislative  in- 
fluence, so  I  was  next  sent  there  to  run  a  line  thence  to  Cold  water, 
Mich.,  to  connect  with  the  Michigan  Southern,  which  had  in 
the  meantime  been  acquired,  and  Mr.  Hubbard  had  located  and 
was     constructing      the      division      from     Hillsdale     to     Coldwater. 
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Next,  I  was  sent  to  locate  the  Michigan  Southern  from  Cold- 
water  west,  still  keeping  my  eye  on  Chicago.  Centerville  and  Constan- 
tine  were  points  in  the  line  ;  but  they  were  not  in  my  eye.  So  we 
secured  an  engineer  from  Detroit  and  put  him  on  this  line,  while  I  made 
for  the  southern  bend  in  the  St.  Joseph  River  at  Bristol,  and  thence  on 
to  Laporte.  Constantine  was  out  of  the  line,  much  to  the  disgust  of 
General  Barra  and  the  ancients,  so  a  four-mile  branch  was  run  to  that 
place:  and  Goshen  was  ten  miles  out,  and  they,  too,  were  appeased  by  a 
branch,  and  I  pushed  on  to  Laporte.  Then  taking  up  my  line  at  Baily- 
town,  I  pushed  past  the  south  end  of  Lake  Michigan  and  run  two  lines 
into  Chicago  ;  one  on  the  route  afterwards  occupied  by  the  Pennsyl- 
vania road,  and  the  other  by  the  Michigan  Central.  It  was  afterwards 
that  the  present  entrance  between  the  two  was  determined  upon.  About 
these  days  it  was  said  by  some  that  by  means  of  John  Stryker's  sweet 
words  and  sparkling  champagne  and  Ehsha  Litchfield's  boodle  the  Legis- 
latures were  "  fixed,"  and  the  "  Michigan  Southern  &  Northern  Indiana 
Railroad  Company"  was  born  and  the  Buffalo  &  Mississippi  was  laid 
away  to  sleep  with  the  Ohio  Railroad. 

About  September,  1850,  construction  in  earnest  began,  and  I  was  placed 
in  charge  of  the  Michigan  Division  and  Mr.  Hubbard  of  the  Indiana 
Division.  In  the  frost  and  snows  of  the  winter  1850-51,  I  was  laying 
track  in  the  Hog  Creek  woods,  reaching  Sturgis  early  in  the  spring  of 
1851.  We  were  not  troubled  with  red  tape  in  those  days  ;  a  visit  from 
the  Chief  Engineer,  new  President  and  some  of  the  directors  once  or 
twice  a  year  was  all  the  interference  I  had  with  my  proceedings.  I 
made  my  own  locations,  procured  the  right  of  way,  let  the  contracts  and 
paid  the  bills,  money  being  sent  me  on  my  own  requisition  in  crisp  New 
England  bank  bills.  I  sent  my  monthly  settlements  and  vouchers  first 
to  Mr.  Harback  and  after  that  to  14  William  street.  New  York.  About 
this  time,  there  was  a  new  deal — a  buy  out  or  a  crowd  out,  I  never  knew 
which.  A  meeting  of  promotors  I  will  call  them  was  held  at  Elkhart, 
to  which  I  was  summoned  with  my  plans,  profiles,  estimates  and  prog- 
ress. Here  was  Geo.  Bliss,  General  Hunt,  Charles  Butler  and  F.  Har- 
back, Elisha  and  Edwin  Litchfield,  John  Stryker  and  John  B.  Jarvis.  I 
was  informed  by  Mr.  Harback  that  he  was  out  of  the  concern  and  that 
Mr.  Jarvis  was  the  Chief  Engineer,  who  desired  that  I  should  remain  and 
go  on  with  the  work  as  I  was  doing;  but  that  I  was  at  libertj^  to  retire 
with  him  if  I  chose.  My  intercourse  with  Harback  had 
always  been  exceedingly  agreeable  and  without  the  least 
jar.  Still  I  had  become  deeply  interested  in  the  enterprise  and  the  work 
and  decided  to  stick  and  fight  it  out  on  that  line.  From  this  I  went  on 
with  the  work  as  before  as  "  Assistant  Chief  Engineer,''  reporting  re- 
sults and  getting  advice  from  John  B.  Jarvis  in  New  York.  I  have  often 
wondered  at  my  temerity  in  these  days,  receiving  and  paying  out  hun- 
dreds of  thousands  of  dollars  without  even  so  much  as  a  safe  in  my 
office.  Once  I  remember  spending  the  whole  day  in  the  field,  while  ten 
thousand  dollars  lay  m  my  trunk  unlocked  in  my  room  at  the  hotel. 
Engineers  had  to  be  created  in  those  days.  Axemen  were  turned  into 
chainmen,  chainmen  into  rodmen  and  rodmen  into  levelers  in  rapid  suc- 
cession as  they  proved  their  efficiency.     On  the  Indiana  Division  war 
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broke  out  between  our  road  and  the  Michigan  Central.  Both  parties  seemed 
to  think  that  there  was  room  for  but  one  road  into  Chicago,  and  each  did 
its  best  to  keep  the  other  back,  resulting  in  two  crossings,  and  finally 
in  a  terribly  destructive  collision  between  the  two  trains  at  the  crossing 
near  Chicago. 

All  this  time  the  "flat  bar"  was  used  from  Hillsdale  to  Monroe  and 
from  Adrian  to  Toledo.  As  soon  as  our  last  spike  was  driven,  at  the 
state  line,  we  repaired  to  Adrian  and  rebuilt  these  roads,  substituting  the 
T  rail  and  extending  the  track  from  the  town  of  Monroe  across  the  marsh 
to  the  mouth  of  the  river,  and  there  built  the  docks  and  eating-houses 
for  the  palatial  steamers,  the  Northern  Indiana  and  Southern  Michigan, 
the  Western  Metropolis  and  the  Buffalo,  which  connected  us  with  the 
canals  and  roads  of  New  York  Then  we  moved  on  to  Toledo.  In  the 
meantime  a  third  Litchfield  and  his  associates  were  building  the  Cleve- 
land &  Toledo  road  terminating  on  the  bank  of  the  Maumee  opposite 
our  little  station  on  Water  street.  Here  the-  business  had  outgrown  the 
conveniences  and  enlarged  quarters  must  be  provided.  The  "'middle 
ground'^  was  selected  as  the  terminal  and  I  was  directed  to  get  there. 

A  circuitous  line  crooking  around  among  the  streets  of  the  city  had 
been  surveyed.  I  had  been  accustomed  to  deal  with  straight  lines,  so 
here  again  I  took  the  bull  by  the  horns  and,  starting  some  four  miles  out, 
I  struck  a  tangent  no  as  to  clear  the  bend  of  Swan  Creek  and  dive  under 
the  canal  just  above  the  lock,  showing  a  deep  blue  clay  cut  for  three- 
quarters  of  a  mile.  This  project  looked  large  in  those  days  of  small 
things;  but  the  advantages  were  too  obvious  to  be  rejected  and  the  work 
was  undertaken.  The  middle  ground  was  all  under  water,  the  shoalest 
being  four  feet.  A  pile  track  was  diiven  three-quarters  of  a  mile  from 
the  shore  to  the  extreme  end  of  the  mieldle  ground.  Steam  excava- 
tors were  placed  at  the  cut  and  this  heavy  cut  of  blue  clay  was 
transferred  to  the  middle  ground  to  make  land,  and  fourteen 
acres  where  the  new  passenger  house  now  is  were  acquired  for  the  mate- 
rial with  which  to  complete  the  filling.  The  dock  line  was  established 
at  twelve  feet  water.  A  tight  row  of  piles  was  driven  and  tied  back 
to  others,  fascines  were  placed  to  cover  the  cracks  and  the 
docks  were  then  filled  in  with  clay.  The  bottom  of  the  middle  ground  was 
a  rich  muck.  It  inclosed  a  bayou  of  stagnant  water  very  prolific  of  frogs 
and  malaria.  Without  the  help  of  the  divining  rod,  I  had  reason  to 
think  that  we  might  find,  by  boring,  other  water  than  the  Maumee.  I 
drove  a  foot  square  box  into  the  mud,  the  top  coming  above  the  water, 
and  bored  inside  of  it  sixty  feet.  Here  we  struck  boulders  and  coarse 
gravel,  and  below  them  the  lime  rock,  when  up  came  a  stream  of  pure, 
clean  water,  with  just  enough  sulphur  in  it  to  be  distasteful  to  the  "  bac- 
teria." This  pure  fountain  had  much  to  do  with  the  health  of  the 
engineers  and  worknien,  who  had  to  work  in  and  above  the  Maumee 
filth.  We  were  not  allowed  to  interrupt  the  navigation  of  the  canal,  so 
we  built  in  the  winter  a  temporary  aqueduct  over  our  works  to  carry 
the  canal.  Our  cut  cleared  the  canal  lock  but  a  few  feet,  and  our 
foundation  was  lower  than  that  of  the  lock.  When  our  excavation  was 
well  out,  a  flood  came,  and  the  canal  took  a  new  departure  and  sought 
the  Maumee  through  our  cut  instead  of  its  own  channel.   We  were  forced 
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to  lock  the  boats  down  into  the  Maumee  twelve  miles  above  and  tow 
them  down  to  Toledo  all  one  summer,  by  which  time  we  had  completed 
a  double  arched  culvert  or  roadway  for  our  tracks.  The  State 
forced  us  to  give  six  feet  water-way,  so  the  crown  stones  of  our 
arches  were  ten  inches  deep.  Over  this  we  laid  in  cement  a  two- 
inch  course  of  brick.  In  the  midst  of  it  all  the  cholera  broke  out  with 
great  vigor.  East  Toledo  was  entirely  depopulated,  and  from  my  back 
office  window  I  saw  the  freshly-filled  coffins  passed  out  of  the  windows 
of  the  houses  below.  I  slept  in  a  bedroom  off  my  office  alone.  A  bottle 
of  cholera  medicine  by  the  side  of  my  bed  was  perfectly  effectual  with- 
out being  uncorked.  Persistent  human  effort  accomplished  its  purpose 
in  spite  of  opposing  forces.  So  this  middle  ground  station  was  com- 
pleted, and  we  got  out  of  the  Maumee  Valley  on  a  straight  line  and  on  a 
twenty-foot  grade.  The  Island  House  was  built  for  an  eating  house  and 
boarding  houses  for  the  officers  of  the  road  and  the  train  men.  It  was 
afterwards  turned  into  a  hotel. 

In  the  meantime,  Judge  Lane,  of  Sandusky,  got  possession  of  the  old 
Ohio  Railroad  project,  and  calling  it  the  "Junction  Road,"  worked  it 
through  from  Ohio  City  west.  It  was  designed  to  give  Toledo  the  go- 
by, passing  eight  miles  south  and  crossing  the  Maumee  at  Perry sburgh, 
above  navigation. 

To  return  to  the  Ohio  Railroad  again,  I  will  say  that  this  road,  after 
reaching  Sandusky  City,  turned  and  ran  up  the  Sandusky  bay  and  river 
to  lower  Sandur.ky,  now  Fremont,  where  it  crossed  the  river  above  navi- 
gation, and  ran  thence  straight  to  Manhattan,  four  or  five  miles  south 
of  Toledo.  Here  some  young  blood  from  New  York,  I  think  somebody's 
son-in-law,  took  up  the  project  for  extension  nortli.  I  located  this  line 
as  far  as  Monroe.  A  pile-driver  was  placed  on  the  work,  and  many 
"  wild  cat  "  bills  were  spent  upon  it.  This  extension,  the  "wild  cat" 
bills  and  bank  all  went  down  in  a  heap  with  the  Ohio  Railroad  itself. 
There  was  another  New  York  Litchfield,  a  grocer,  got  the  railroad  fever, 
and  with  Norwalk  parties  started  in  and  carried  through  the  Cleveland 
&  Toledo  road,  and  Stone  &  Witt  and  others  pushed  on  east  by  the 
Clevelana,  Painesville  &  Ashtabula  road.  With  these  projects  east  of 
the  Maumee  I  had  nothing  to  do  after  the  Ohio  Railroad  went  up.  Mr. 
Leland  has  told  us  how  these  and  two  other  lines  to  Buffalo  went  to  the 
melting  pot  and  came  out  the  Lake  Shore  road. 

I  will  now  return  to  the  Michigan  Southern  &  Northern  Indiana 
Railroad  and  tell  you  what  I  know  of  its  branches.  The  surveys  of  the 
Tecumseh  Branch  1  extended  to  Jackson  ;  but  it  was  built  by  Mr.  Hub- 
bard as  engineer.  I  pushed  the  Constantine  Branch  forward  to  Three 
Rivers  and  afterwards  the  surveys  to  Kalamazoo.  The  branch  from 
Jonesville  to  Lansing  was  an  afterthought,  and  I  had  nothing  to  do  with 
it.  The  Goshen  Branch,  ten  miles  from  Elkhart,  was  built  while  the 
main  line  was  building.  There  began  now  to  be  whisperings  of  another 
road  from  Toledo  west,  and  the  company  determined  to  forestall  it.  So  I 
was  told  to  unite  Toledo  and  Goshen  by  an  air  line  as  near  as  practicable- 
Bryan,  the  county  seat  of  Williams  County,  was  the  only  town  in  Ohio 
worth  considering.  A  slight  deviation  to  the  south  carried  us  within  a 
half  mile  of  this  place,  and  besides,  by  this  line   I  could  reach  an  impor- 
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tant  feeder  of  which  for  a  time  I  was  chief  engineer.  So  beginning  at  the 
top  of  the  grade  and  at  the  bend  of  Swan  ('reek,  at  what  is  now  Air 
Line  Junction,  I  planted  the  transit  and  setting  the  first  flag  ahead, 
directed  the  party  to  fight  it  out  on  that  line  until  they  heard  from  me 
again.  On  this  line  they  pushed  through  a  dense  forest  with  only  here  and 
there  a  slight  clearing,  week  after  week,  past  Bryan  and  on  to  the  state 
line  and  four  miles  beyond  to  a  junction  with  the  Eel  River  Valley  road, 
the  feeder  mentioned  above,  a  single  tangent  a  degree  of  the  great  circle 
of  the  earth, — one  three  hundred  and  sixtieth  of  the  entire  distance 
around  the  earth. 

On  going  over  this  line  carefully,  I  could  not  find  where  I  could  save 
expense  or  grade  by  changing  the  line  or  breaking  it  up,  and  the  road 
was  built  on  that  first  line.  I  am  bound,  however,  to  acknowledge  that 
the  line  is  not  a  straight  line.  A  practical  eye  will  discover  when  a  loco- 
motive is  seen  four  or  five  miles  away  that  it  [appears  north  of  the  rails 
near  you.  The  deviation  was  always  in  one  direction — to  the  south,  and 
nearly  uniform,  and  I  made  it  quite  so  when  the  land  was  cleared  so  that 
I  could  do  so.  The  line  was  run  with  great  care,  reversing  the  instru- 
ment at  all  the  changes,  and  passing  obstructions  by  offsets  on  parallel 
lines,  instead  of  deflections.  If  this  error  had  been  sometimes  to  the 
right  and  sometimes  to  the  left,  it  might  be  laid  to  carelessness;  but 
being  always  to  the  left,  the  cause  would  seem  to  be  a  constant  influence. 
My  explanation  is  that  the  observer,  when  he  takes  his  back  sight,  is 
always  on  one  side  of  the  instrument,  and  when  he  takes  his  foresight  he 
is  on  the  other,  and  his  weight  upon  the  elastic  earth  causes  the  change. 
In  studying  the  question,  I  have  only  been  ^awakened  to  this  fact,  that 
is  if,  in  middle  latitudes  you  start  to  run  due  west  and  continue  a  true 
straight  line  around  the  earth,  you  will  come  back  to  your  starting  point; 
but  it  will  not  be  an  east  and  west  line  in  a  parallel  of  latitude,  but  will 
be  run  in  a  great  circle  crossing  the  equator  twice  on  the  way. 

But  to  return  to  our  line.  This  junction  I  named  Butler,  after  one  of 
our  directors,  and  bought  for  the  two  companies  a  quarter  section  of 
land.  The  Eel  River  Valley  road  extended  from  this  point  to  Logans- 
port  on  the  Wabash  over  a  natural  route  for  a  road,  reaching  Logansport 
in  some  four  miles  less  distance  from  Toledo  than  by  the  Wabash  Valley 
road. 

The  E.  R.  V.  was  an  independent  road;  but  it  was  favored  by  the  M. 
S.  &  N.  I.  road,  who  sent  me  there  as  its  chief  engineer  to  locate  it,  and 
I  sent  one  of  my  assistants  there  to  build  it.  The  air  line  was  planned 
as  far  as  that  point  for  a  double  track,  on  account  of  the  double  business 
from  Chicago  and  St.  Louis  it  was  expected  to  meet  at  Butler. 

By  some  sort  of  occult  influence,  the  directors  of  the  M.  S.  &  N.  I. 
road  all  at  once  declined  to  advance  the  iron  for  Eel  River,  and  some  of 
them  secured  the  contract  to  furnish  the  iron  for  the  Wabash  road,  a 
strictly  competing  line.  The  Eel  River  slept  until,  many  years  after,  the 
Michigan  Central  took  it  up  and  carried  it  to  Detroit.  When  expendi- 
tures at  Toledo  increased,  a  paymaster  was  appointed  to  release  me  of 
that  part  of  the  work.  He  was  a  very  worthy  man,  but  he  lived  at  La- 
porte,  was  out  of  health,  and  must  have  a  clerk.  The  bills  were  all  paid 
on  my  requisitions.     The  clerk  was  a  smart  young  man,  and  had  the 
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custody  of  the  funds.  One  morning  the  clerk  failed  to  make  his  appear- 
ance, and  could  not  be  found.  The  safe  was  locked,  and  it  was  supposed 
that  he  had  on  hand  some  $10,000,  with  which  to  pay  maturing  esti- 
mates. When  we  got  the  safe  open  no  money  or  credits  were  found. 
Then  it  came  out,  as  usual,  that  the  young  man  was  fast,  and  had  been 
in  the  hands  of  the  gamblers.  Some  suggested  murder,  and  a  report  was 
current  that  he  was  seen  in  New  York  without  a  second  shirt  to  his  back^ 
and  had  shipped  for  the  Crimean  war  ;  but  it  was  the  last  of  the  money 
or  the  man.  While  I  had  control  of  the  funds,  if  anything  was  lost  it 
was  not  lost  to  the  railroad  company. 

With  the  practical  completion  of  the  air  line  my  connection  with  the 
great  enterprise  ended.  This  was  in  1854.  [  had  spent  five  continuous; 
years  upon  the  construction  of  this  great  undertaking.  It  has  con- 
tinued to  grow  and  is  still  growing.  It  has  lopped  off  from  its  name 
its  tail,  Northern  Indiana,  and  grafted  on  its  present  head,  Lake  Shore, 
and  has  swallowed  its  neighbor,  the  Nickel  Plate.  Its  projectors  possessed 
but  a  few  hundreds  of  dollars,  its  present  owners  possess  a  few  hun- 
dred millions,  and  yet  not  a  half  century  has  passed  since  the  honest, 
quiet,  old  Quaker,  Nehemiah  Allen,  first  dreamed  of  a  railroad  along 
Lake  Erie  as  possible.  But  neither  he  nor  the  most  sanguine  dreamed 
that  125,000  miles  of  railroad  in  these  United  States  would  be  built  in 
these  fifty  years,  or  that  Cleveland  would  increase  in  the  meantime 
forty  fold — four  thousand  per  cent.  Who  shall  set  bounds  to  the  acqui- 
sitions of  the  next  fifty  years  ? 
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ENGINEERS'  CLUB  OF  MINNESOTA. 


August  13,  1887:— Regular  meeting  at  Hotel  LaFayette,  Lake  Minnetonka. 
After  supper  at  7:30  p,  m.,  the  Club  was  called  to  order  at  9  p.  m.  Present,  Presi- 
dent Sublette,  W.  W.  Redfield,  J.  M.  Hazen,  Fred  Kees,  P.  B.  Winston,  R.  M. 
Newman,  G.  S.  Houston,  F.  W.  Cappelen,  E.  T.  Abbott,  and  W.  S.  Pardee. 
Visitors  present,  W.  S.  Pearson  and  A.  B.  Coe. 

The  special  committee  on  excursion  appointed  at  last  meeting  to  confer  with  the 
members  of  the  St.  Paul  Club,  reported  by  Mr.  Cappelen  that  the  St.  Paul  Club 
would  prefer  to  wait  until  September,  and  that  they  would  like  to  go  to  Chicago 
at  that  time.  After  the  reading  of  the  list  of  standing  committees  Messrs.  E. 
Cbrisman  and  R.  Kendrick  were  elected  to  membership. 

On  motion  of  Mr.  Redfield,  the  Club  tendered  a  vote  of  thanks  to  Mr.  G.  Sydney 
Houston  for  his  courtesy  in  making  arrangements  for  a  supper  and  meeting  at 
Hotel  LaFayette,  and  for  the  printed  badges  and  other  extras  furnished  on  that 
occasion. 

On  motion  of  Mr.  Winston,  the  President  appointed  a  committee  of  four  to 
ascertain  from  the  heads  of  city  departments,  and  report  to  the  Club,  the  relative 
difference  in  cost  of  work  done  in  the  city  of  Minneapolis  under  the  contract  sys 
tem,  by  day  labor,  and  by  the  eight  hour  system. 

The  Committee  appointed  were  P.  B.  Winston,  R.  M.  Newman,  and  F.  Kees. 

Mr.  President  suggested  to  the  Committee  on  Revision  of  Constitution  that 
this  Club  be  made  an  incorporated  association. 

Mr.  Cappelen  read  the  first  paper  of  the  evening,  relative  to  several  recent  and 
appalling  disasters.  First,  with  reference  to  the  fall  of  a  wall  in  the  burned  build- 
ing, St.  Anthony  Elevator  Company.  He  first  read  extracts  from  the  minutes  of  the 
coroners  jury,  held  on  the  occasion  of  the  accident.  The  verdict  was  that  the 
men  killed  met  their  death  from  the  accidental  falling  of  a  wall,  no  person  being 
directly  to  blame.  Mr.  Cappelen  showed  by  drawings  that  the  wall  against  which 
the  wheat  pressed  was 'so  narrow  on  its  base  that  the  line  of  thrust  was  a  consider- 
able distance  outside  the  same,  and,  consequently,  the  wall  could  not  stand  with  the 
weight  of  wheat  against  it.  Mr.  Cappelen  thought  that  the  superintendent  who 
had  charge  of  the  work  of  removal  of  debris  should  have  had  more  knowledge  of 
the  job  he  was  undertaking,  and  thus  have  prevented  the  disaster,  also  that  the 
coroners  jury  rendered  an  incompetent  verdict. 

Mr.  President  read  the  next  paper  of  the  evening,  "  General  vs.  Special  Legis- 
lation for  Railroads . " 

On  motion,  the  paper  was  ordered  printed  in  the  Association  Journal. 

On  motion,  the  Secretary  was  ordered  to  print  copies  of  the  paper  and  distribute 
among  the  Members  for  examination  and  discussion  at  the  next  meeting. 

On  motion,  the  C  ur>  tendered  thanks  to  the  proprietor  of  the  Hotel  LaFayette 
the  use  of  the  hotel  rooms. 

[Adjourmd.]  Walter  S.  Pardee,  Secretary. 
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July  30,  1887:— In  place  of  the  regular  meeting  of  August  1,  the  Club 
took  an  excursion  to  Sibley,  July  30,  where  the  Chicago,  Santa  Fe,  &  Cali- 
fornia Railway  is  to  cross  the  Missouri,  by  invitation  of  Mr.  Octave  Chanute"' 
Consulting  Eugineer  of  the  works.  There  were,  inc  uding  ladies  and  other  invited 
guests,  61  "in  the  party. 

Leaving  the  Kansas  City  Union  Depot  in  a  special  car  at  10:45  a.  m.  by  the 
Wabash  road,  the  party  was  joined  at  the  junction  with  the  bridge  switch  by 
Mr.  J.  F.  Wallace,  Resident  Engineer  at  the  bridge,  who  conducted  the  visitors 
to  the  scene  of  operations. 

After  examining  the  plans  and  matsrials,  and  the  arrangements  for  prosecut- 
ing the  work,  they  repaired  to  the  private  chair  car,  where  they  were  served  a 
bounteous  and  excellent  lunch.  Subsequently  a  few  of  the  most  adventurous 
members  of  the  party  descended  into  the  caissons,  from  which  they  emerged  a  few 
moments  later  drenched  and  almst  exhausted.  They  declared  that  the  tem- 
perature of  the  outside  atmosphere  at  97  degrees  was  wintry  in  comparison  with 
the  temperature  (110  degrees)  which  they  experienced  du  ing  their  short  stay  in 
the  caissons. 

In  the  afternoon  the  guests  were  conducted  aboard  the  contractor's  steam- 
boat by  Mr.  Sooysmith,  and  took  a  short  trip  on  the  river. 

They  returned  by  special  tram  to  the  Union  Depot  at  7 :45  in  the  evening . 

A  voce  of  thanks  was  tendered  tD  Messrs.  Octave  Chanute,  J.  F.  Wallace, 
Charles  Sooysmith,  and  the  Wabash  Railway  Company. 

Kenneth  Allen,  Secretary. 


Editors  reprinting  article's  from  this  journal  are 
requested  to  ere  lit  both  the  Journal  and  the 
Society  before  which  such  articles  were  read. 
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THE  CHANGE  OF  GAUGE   OF   SOUTHERN  RAILROADS  IN  1886. 


By  C,  H.  Hudson",  Member  of  the  Western  Society  of  Engineers. 

[Read  June  7,  1887.] 


When  Horatio  Allen  recommended  a  5-feefc  gauge  for  the  South 
Carolina  Railroad,  he  little  thought  that  half  a  century  later  an  expendi- 
ture of  over  a  million  dollars  would  be  required  to  undo  his  work.  He 
did  not  expect  an  extension  of  the  iron  rails,  within  that  time,  from 
ocean  to  ocean,  nor  that  necessities  would  arise  for  running  cars  from 
one  extreme  of  the  country  to  the  other.  His  successors,  in  later  years, 
were  little  wiser.  Time,  however,  has  shown  that  prompt  and  eco- 
nomical transportation  requires  that  our  car,  once  loaded,  shall  go  to  its 
destination  without  transfer.  To  this  end,  the  6-feet  lines  attempted 
to  extend  their  wide  gauges  to  distant  centres  of  trade  ;  while  the  4  feet 
8|  inch  and  4  feet  10  inch  gauges  tried  to  compromise  their  troubles  by 
changing  the  tread  of  their  wheels  from  the  3^  inches  of  the 
early  lines  to  5  inches,  that  they  might  run  on  both  gauges.  This 
was  not  altogether  satisfactory,  and  another  attempt  was  made 
to  harmonize  matters  by  the  use  of  a  compromise  gauge  of 
4  feet  9J  inches.  This  did  better,  and  in  time  the  4  feet 
10  inch,  or  "  Ohio"  gauge,  was  changed  to  this  or  its 
successor,  the  4  feet  9  inch.  The  5  feet  6  inch  gauge  became  a  thing  of 
the  past,  and  the  6-feet  either  became  "  standard"  or  laid  a  third  rail, 
so  that  either  "  wide  "'  or  "  narrow  "  trains  could  be  run,  and  all  equip- 
ment be  kept  in  use  until  it  was  narrowed,  when  the  third  rail  could  be 
taken  up.  It  became  possible  to  run  a  car  from  the  Atlantic  to  the  Pa 
cific,  north  of  the  Ohio  River,  and  west  of  the  Mississippi  River.  South 
of  the  Ohio  and  ease  of  the  Mississippi,  however,  the  universal  gauge, 
save  a  few  roads,  was  5  feet.  Interchanges  of  cars  were  not 
thought  necessary,  and  all  freight  to  and  from  this  section  had  to  be 
transferred  from  car  to  car.     This  burden  was  realized  by  both  railroads 
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and  shippers,  and  arrangements  were  made  to  exchange  trucks,  till  not  a 
prominent  point  could  be  found  on  the  border,  without  its  "  hoist"  and 
acres  of  extra  trucks.  This  was  expensive,  both  in  time  and  "plant," 
and  :i  change  of  gauge,  which  would  do  away  with  these  "  hoists  "  and 
the  time  and  labor  required  to  operate  them,  began  to  be  talked  of.  Few, 
however,  had  the  courage  to  think  of  it  as  a  thing  of  the  near  future. 

The  Illinois  Central  Railroad  was  the  first  line  east  of  the  Mississippi 
to  meet  the  question  and  make  its  southern  end  conform  in  gauge  to  its 
northern,  which  it  did  in  1884,  giving  a  continuous  4  feet  8|^  inch  line 
from  New  Orleans  to  Chicago. 

Under  the  pressure  of  competition,  the  Mobile  &  Ohio  Railroad  fol^ 
lowed,  and  in  July,  1885,  changed  to  4  feet  8i  inches. 

The  most  direct  competitors  of  the  Mobile  &  Ohio  Railroad,  the 
Louisville  &  Nashville  and  Cincinnati  Southern  systems,  saw  that  they, 
too,  must  change,  or  be  at  a  disadvantage,  and  determined  so  to  do. 

Other  large  systems  realized  that  they  could  delay  no  longer,  but  must 
move  wnth  the  Louisville  &  Nashville  and  Cincinnati  Southern.  The 
smaller  roads  had  no  choice  in  the  matter,  but  must  join  the  ranks. 

At  a  meeting  of  the  Executive  Committee  of  the  Southern  Railway 
and  Steamship  Association  (presidents  of  the  various  lines)  held  in  the 
summer  of  1885,  a  committee  of  gpneral  managers  of  the  principal  lines 
was  appointed  to  take  up  the  matter,  formulate  plans  and  fix  dates,  that 
there  might  be  harmonious  working  and  the  least  possible  delay  and  dis- 
comfort to  the  public. 

This  committee  met  in  New  York  in  October,  1885,  but  nothing  like  a 
general  or  satisfactory  discussion  was  had.  The  more  the  managers 
looked  into  the  matter,  the  more  they  were  impressed  with  its  magnitude, 
and  the  need  for  co-operation.  Our  chairman  was  requested  to  call  a 
meeting  of  the  managers  of  all  lines  interested,  with  the  request  that  the 
heads  of  their  Transportation,  Machinery  and  Maintenance  of  Way 
departments  be  present  to  aid  in  the  consideration  of  the  questions.  This 
convention  was  hold  at  Atlanta,  Ga.,  February  2  and  3,  1886,  with 
seventy  rep»esentatives,  of  various  grades,  of  thirty  roads.  Tuesday, 
June  1st,  was  fixed  upon  as  the  day  for  the  general  change,  though  some 
.six  or  eight  roads,  for  local  reasons,  were  to  change  on  Monday,  May  31st. 
It  was  also  agreed  that  branch  lines  might  be  changed  at  such  other  times 
as  best  suited  ihe  owners,  the  general  change  being  so  conducted  as  to 
best  promote  the  interests  of  the  through  Unes.  Committees  were 
appointed  on  Transportation,  Roadway  and  Machinery,  to  discuss  in 
detail  matters  pertaining  to  the  various  departments  and  to  report  to  the 
convention  for  final  action. 

The  matter  of  the  proper  gauge  to  which  we  should  change  was  taken 
up  by  the  convention  itself,  and  a  lengthy  discussion  followed.  It  w-as 
urged  by  one  important  line,  whose  business  was  mostly  with  North, 
western  roads,  that  4  feet  Si-  inches  was  the  true  gauge  to  be  used.  The 
greater  parts  of  the  roads  changing,  however,  had  their  largest  inter- 
change of  business  with  the  east  and  northeast,  and  consequently  with 
the  Pennsylvania  Railroad  pystem.  There  must  necessarily  be  a  large 
interchange  of  cars  with  that  road,  and  it  would  follow  that  the  gauge 
-used  should  readily  admit  Pennsylvania  Railroad  cars,  and  that  our  cars 
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must  be  acceptable  to  that  road.  It  is  true  that  the  Pennsylvania  Rail- 
road cars  do  run  on  the  Northwestern,  or  4  feet  8i  inch  roads  ;  but  it 
was  the  experience  of  several  who  had  worked  both  gauges,  that 
to  haul  a  given  number  of  cars  upon  a  4  feet  8|  inch  track  required  more 
power  than  upon  a  4  feet  9  inch  track,  because  of  the  greater  friction  be- 
tween the  wheels  and  the  rails;  the  flanges  in  one  case  clearing  the  rail 
by  three-fourths  of  an  inch,  while  in  the  other  the  clearance  is  one  fourth 
of  an  inch,  and  sometimes  less,  especially  when  the  track  men  have  the 
track  gauged  a  little  too  close  ;  not  an  uncommon  thing  to  find.  Again 
it  is  not  an  unusual  thing  for  a  wheel  to  be  carelessly  put  on,  and  be  too 
wide. 

It  was  the  writer's  experience,  a  few  years  ago,  while  connected  with 
a  4  feet  8^  inch  road,  to  send  some  P.,  Ft.  W.  &  C.  cars  to  the  Mississippi 
River  loaded.  They  were  undoubtedly  a  little  too  wide  and  the  track 
in  the  yard  where  they  went  was  a  little  too  narrow.  The  inspector  found 
something  wrong,  and  actually  took  the  trucks  out  from  under  the  cars 
and  replaced  them  with  narrow  trucks,  upon  which  he  sent  the  cars  to 
Chicago,  while  he  loaded  the  wide  trucks  upon  flats  and  returned  them 
home  in  that  way. 

One  road  in  Ohio,  formerly  a  4  feet  10  inch  "  Ohio"  gauge,  changed  to 
4  feet  8i  inches,  and  after  a  few  months  experience  again  changed  to  4 
feet  9  inches,  and  found  that  it  was  freed  from  many  trials  due  to  small 
clearance  between  flange  and  rail. 

It  was  at  last  decided  that  we  would  make  4  feet  9  inches  our  gauge. 
This  discussion  brought  out  a  special  committee  on  w^heel  gauge  who 
were  to  take  up  that  question  in  connection  with  other  roads  of  both 
gauges  and  report  at  an  adjourned  meeting  on  the  16th  of  February. 

The  Transportation  Committee  reported  upon  the  transportation  feat- 
ure of  the  problem,  which  chiefly  pertained  to  the  handling  of  loaded 
and  the  return  of  foreign  cars  prior  to  the  change,  in  crder  that  each 
road  might  have  only  its  own  cars  qn  the  day  of  change,  or  the  fewest 
possible  cars  of  other  roads. 

The  Machinery  Committee  treated  upon  the  matter  of  changing  cars 
from  a  general  stand-point,  in  order  that  the  work  upon  tliose  away  from 
home,  or  upon  foreign  roads,  should  be  done  in  the  manner  desired  by 
the  road  owning  the  cars.  Beyond  that,  they  left  each  road  to  do  its 
own  work  in  its  own  way. 

The  Committee  on  Roadway  went  more  into  detail,  and  based  upon  the 
experiences  of  the  Mobile  &  Ohio,  and  such  other  information  as  they 
could  obtain,  reported  as  follows  : , 

''  We  are  of  the  opinion  that  no  fixed  rules  can  be  adopted  to  suit  all 
cases  ;  but  make  the  following  general  suggestions,  which  we  hope  will 
aid  all  in  carrying  out  the  difficult  problem  which  we  hare  to  solve. 

I.— CHANGE  OF  GAUGE. 

First.  On  such  day  or  days  as  shall  be  designated  by  the  convention, 
the  gauge  of  the  track  should  be  changed  from  5  feet  to  4  feet  9  inches, 
by  moving  in  one  or  both  rails,  which  rail,  if  but  one,  to  be  determined 
by  each  road  itself. 
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Second.  The   entire  line  between and   should  be 

changed  on 

Third.  The  Masters  of  Roadway  on  each  road  should  assign  the  foreman 
for  each  section  for  the  days  of  change,  and  will  issue  such  detailed 
instructions  to  supervisors,  in  addition  to  the  general  orders  issued,  as 
may  be  necessary. 

Fourth.  Each  road  should  fix  its  own  rate  of  pay  for  hands. 

II.  — PREPARATORY. 

First.  Supervisors  should  see  that  railroad  crossings,  switch  tie  bars  for 
split  and  stub  switches,  and  castings  and  bolts  for  Wharton  switches,  are  at 
the  places  required  five  days  before  the  day  of  change.  Foundations  for 
railroad  crossings  should  be  examined,  and  when  necessary,  new  founda- 
tions should  be  framed  ready  for  use  on  the  day  of  change. 

Second.  Supervisors  should  provide  each  gang  foreman  with  two  adzes 
and  on  May  1,  1886,  preparation  of  the  road  bed  for  the  change  of  gauge 
should  be  commenced,  to  be  completed  five  days  previous  to  the  change 
of  gauge.  This  preparation  should  consist  of  adzmg  the  ties  to  a  smooth 
and  even  surface  with  base  of  raU  and  clearing  any  obstructions  even 
with  the  top  of  the  tie  for  a  space  of  not  less  than  five  inches  from  the 
rail  that  is  to  be  moved  in. 

Third.  Supervisors  should  also  provide  every  gang  foreman  with  two 
templates  for  setting  inside  spikes,  and  five  days  previous  to  change  the 
work  of  drawing  and  setting  inside  spikes  should  commence.  All  inside 
spikes  on  the  side  of  the  track  that  is  to  be  changed  should  be  drawn, 
except  the  spikes  in  every  third  tie  on  tangents  and  every  other  tie  on 
curves  and  one  inside  spike  at  every  joint.  Spikes  should  be  set  with 
templates  in  every  third  tie  on  tangents  and  every  other  tie  on  curves 
(not  in  same  ties  where  inside  spikes  are  left).  Spikes  should  be  set 
straight,  and  should  project  above  the  top  of  the  ties  not  more  than  li 
inches  and  not  less  that  |  of  an  inch  under  the  heads. 

Fourth.  All  spikes  drawn  from  inside  of  rail  and  not  redriven  before 
the  day  of  change  must  be  straightened  and  placed  on  ends  of  ties  in 
w^hich  the  inside  spikes  for  change  of  gauge  are  driven 

Fifth.  All  roadway  forces,  where  necessary,  should  be  increased  not 
later  than  thirty  days  prior  to  the  day  of  change,  so  that  by  the  day  of 
change  all  such  forces  should  be  at  least  double  regular  number.  On 
day  or  days  of  change  there  should  be  not  less  than  three  men  to  the 
mile,  each  road  to  divide  them  into  squads  to  suit  itself.  On  the  day  of 
change,  service  or  material  trains  (engines  and  cars  of  standard  gauge), 
should  be  furnished,  said  trains  to  cover  that  day  not  more  than  seventy- 
five  miles. 

Sixth.  For  a  section  of  eight  miles,  with  a  gang  of  twenty-four  men, 
the  following  tools  should  be  provided  : 


I  5 -feet  gauge  pole  car. 

1  standard  gauge  level  car. 
10  spike  mauls. 

10  claw  bars. 

2  axes. 
2  adzes. 

2  standard  track  gauges. 
2  track  wrenches. 


1  water  bucket, 

1  water  barrel. 

2  tin  cups. 

4  extra  spike  maul  haadles. 
32  kegs  spikes. 

1  monkey  wrench. 

2  cleavers. 
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This  list  should  be  increased  or  decreased  proportionately  as  section  is 
increased  or  decreased. 

Seven t-h.  Meals  should  be  furnished  for  the  forces  on  day  of  change  by 
the  railroad  companies. 

Eighth.  All  track  that  can  be  spared  from  use  should  be  changed  pre- 
vious to  the  day  of  the  regular  change. 

III.— ON  DAY  OF   CHANGE. 

First.  The  gangs  should  reach  the  position  assigned  to  them  at  the  hour 
specified  on  the  day  of  change,  and  beginning  after  the  last  train  pas  es, 
which  train  should  be  provided  with  a  special  signal,  to  be  designated, 
they  should  work  in  the  direction  designated  until  they  meet,  regardless 
of  section  limits. 

Second.  The  gauge  of  main  line  should  be  changed  first,  and  afterward 
the  force  will  return  to  the  various  sidings  and  change  them  as  rapidly 
as  possible,  being  sure  to  have  their  entire  work  done  at  sunset,  or  as 
much  earlier  as  possible. 

Third.  The  organization  on  day  of  change  for  eight-mile  sections  should 
bo  as  follows : 

4  men  drawing  inside  spikes. 
8  men  driving  outside  splices. 
4  men  driving  inside  spikes. 
4  men  throwmg  rail. 
1  man  with  5  feet  gauge  pole  car. 

1  man  witli  standard  gauge  level  ear. 

2  men  extra. 

Fourth.  An  outside  spike  should  be  driven  in  every  tie  where  there  was 
an  inside  spike  previously  diiven  for  standard  gauge  and  both  should  be 
driven  down  close  to  the  rails. 

Fifth.  In  changing  railroad  crossings,  the  gauge  of  the  crossing  road 
should  not  be  changed  unless  specially  ordered  by  the  Superintendent 
through  the  Master  of  Roadway. 

Sixth.  In  the  matter  of  moving  the  outer  rail  on  very  sharp  and  long 
curves,  if  the  rails  jam,  it  is  considered  that  the  difficulty  can  be  reme- 
died by  throwing  the  track  outward.  The  amount  of  this  jamming 
should  be  ascertained  beforehand,  and  curves  should  be  previously  ad- 
justed to  prevent  jamming  on  day  of  change. 

IV.— AFTER  CHANGE  OF  GAUGE. 

First.  Immediately  after  change  of  gauge,  gangs  should  proceed  to 
full  spike  their  entire  track,  drawing  and  removing  all  old  spikes  for 
that  purpose. 

Second.  The  following  order  should  be  observed  in  spiking  track  after 
change  of  gauge: 

1st.  Spike  turnout  curves. 
2d.   Spike  main  line  curves. 
3d.   Spike  bridges  and  trestles. 
4th.  Spike  main  line  tangents. 
5th.  Spike  siding  tangents. 

Third.  Foremen  should  be  provided  with  tickets  for  paying  their  men 
on  completion  of  change,  and  these  tickets  should  be  cashed  by  the 
nearest  agent  on  presentation." 
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Upon  February  IG,  the  convention  met,  pursuant  to  adjournment,  to 
receive  and  consider  the  report  of  the  committee  on  wheel  gauge.  This 
committee  sent  circulars,  upon  the  subject  of  wheel  gauge,  to  a  large 
number  of  roads,  both  4  feet  9  inches  and  4  feec  8^  inches  gauge, 
in  order  to  get  their  ideas  and  experience.  At  the  same  time  a  sub-com- 
mittee was  started  upon  a  tour  of  investigation,  to  learn  what  they 
could  upon  the  matter.  They  visited  a  large  number  of  roads  and  saw 
the  practical  workings,  and  consulted  with  the  most  experienced  car 
builders  in  the  country.  After  a  careful  examination  of  the  informa- 
tion thus  obtained  the  committee  reported: 

'*  We  recommend  that  4  feet  5f  inches,  allowing  variations  of  i  of  an 
inch  either  way,  be  adopted  as  a  standard  gauge  between  flanges,  and 
further  recommend  that  the  limit  gauge  of  the  Pennsylvania  Railroad 
be  adopted,  that  is,  the  smallest  distance  between  flanges  be  4  feet  5 
inches,  and  the  smallest  distance  from  out  to  out  of  the  tread  of  the 
wheel  be  5  feet  4  inches.  Any  wheels  measuring  less  than  allowed  by 
these  limits  to  be  rejected." 

This  was  exactly  what  the  Master  Car-Builders  had  fixed  upon  as  the 
proper  gauge  for  wheels  ;  but  which  only  stood  as  a  recommenda- 
tion, never  having  been  accepted  as  a  standard  by  any  roads.  The  fol- 
lowing statement  shows  the  gauge,  distance  between  flanges  and  lateral 
play  of  a  number  of  large  systems  : 

Gauge  Distance  between     Lateral 

track.                                   *                                                            flanaes.  play. 

Ft.  In.          Name  of  road.                                                             Ft.  In.  In. 

4    9    ,. Pennsylvania 4    5^2  % 

4    81^.. Illinois  Central 4    5^  % 

4    8i^..C.,B.&Q 4    5M  X 

4    8X..L.,  N.  A.  &  C 4    5§| 

4    8X..N.  Y.  C.  &H.R.  R 4    5% 

4    81^.. Missouri  Pacific 4    5^  Y^ 

4    8>^..L.  S.  «feM.  S 4    51^  % 

4    9     ..Rich.,  Fred.  &P 4    h%  % 

4    8y .  .Bait.  &  Ohio 4    51^  X 

4    8V<..C.,M.  &St.  P 4    h%  % 

4    8>|..C.&x^.  W 4    ^%  % 

4c    83-^..St.  P.,  M.  &  M 4    5%  % 

4    9     ..Ches.  &Ohio 4    53^  % 

4    8K..Pitts.  «feL.  E 4    53^  K 

It  will  be  seen  that  the  report  was  based  upon  the  practice  of  many 
roads,  and  would  undoubtedly  give  satisfaction  to  all.  It  was  adopted 
by  the  convention. 

The  general  plan  had  now  been  blocked  out,  and  individual  work 
could  commence  with  reasonable  assurance  that  it  would  be  in  harmony 
with  that  of  other  roads.  The  various  officers  had  studied  the  problem 
to  some  extent  before  the  meeting  and  had  worked  out  many  details  in 
their  own  minds.  Tlioy  were  thus  enabled  to  compare  notes,  and  avail 
themselves  of  the  thoughts  of  others,  gaining  much  valuable  informa- 
tion. Some  prepared  and  printed  very  elaborate  instructions,  intending 
to  cover  the  minutest  detail  of  the  work,  so  nobody  could  possibly  err, 
only  to  find  that  the  practical  man  on  the  track  or  in  the  shop  discerned 
"snags"  unthought  of  by  the  formulator  of  the  instructions,  and  also 
found  ways  to  overcome  the  diffiiculties,  and  in  many  cases  was  able  to 
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do  his  work  in  a  better  and  cheaper  way   than  was  pointed  out  in  the 
instructions. 

The  more  general  way  was  to  print  and  issue  only  the  general  instruc- 
tions, leaving  much  for  department  heads  to  work  out  according  to  the 
conditions  surrounding  th*^m.  Frequent  and  full  personal  consultations^ 
were  found  to  be  useful.  The  work  was  of  an  extent  and  character,  all 
things  considered,  never  before  undertaken,  and  must  be  done  at  the 
time  selected.  There  would  be  no  chance  to  wait  and  see  what  others- 
did,  or  to  correct  mistakes. 

The  work  of  preparation  was  spread  over  several  months,  and  in  fact 
was  much  more  of  a  problem  than  the  mere  moving  of  the  one  rail  three 
inches.  The  engines  and  cars  were  of  varied  construction,  and  the  condi- 
tions and  facilities  varied  with  the  various  roads  and  localities.  A  rule 
which  would  work  well  in  one  place,  would  not  of  necessity  be  the  best 
in  another.  A  process  which  would  be  good  upon  one  road,  might  not  be 
the  most  economical  in  another.  So  the  officers  of  each  line  tried  to 
look  at  their  problems,  with  their  surroundings,  and  decide  for  him- 
self how  much  of  the  general  plan  they  could  follow. 

I  give  briefly  some  of  the  plans  and  methods  in  both  track  and 
machinery  matters,  showing  how  details  were  handled. 

While  several  roads  had  changed  gauge,  the  conditions  varied  much 
from  these  we  now  had  to  meet.  In  former  cases  there  were  plenty  of 
neighbors  or  connections,  from  whom  cars  could  be  borrowed  to  keep 
their  traffic  moving,  while  in  ours  everybody  had  to  look  out  for  him- 
self, and  could  not  help  his  neighbor  if  he  would.  We  must  take  care 
of  our  traffic  and  change  our  cars  at  the  same  time.  To  do  this  we  must 
withdraw  a  part  of  our  equipment  from  service,  and  change  it  prior  to 
the  change  of  the  track,  giving  us  something  to  US3  as  soon  as  the  track 
was  changed.  Necessarily,  this  would  inconvenience  the  public  some- 
what; but  there  was  no  other  way  out  of  the  trouble,  though  a  loss  of 
earnings  would  follow. 

It  was  argued  by  some  that  the  proper  way  would  be  to  provide  entire 
new  sets  of  wheels  and  axles,  so  that,  at  the  change,  the  least  possible 
time  would  be  used  in  the  transfer.  The  general  idea,  however,  was 
that  it  would  be  very  expensive  and  unwise.  When  we  consider  that 
with  13,000  miles  of  main  track  and  1,500  miles  of  side  track,  there  were 
1,800  engines  and  40.000  cars,  we  see  the  great  cost  of  that  plan.  327,000 
new  wheels  and  163,000  axles  could  not  be  thought  of,  even  if  we  did 
have  nearly  as  many  wheels  and  axles  left  over  to  be  used  in  repairs.  We 
must  withdraw  our  cars,  and  if  possible  get  half  of  them  changed  before 
the  first  of  June. 

Cars  so  changed  would  be  '•'  parked  "  upon  tracks,  which  would  be 
prepared  for  the  purpose,  near  the  shops  where  the  change  was  made. 
When  the  day  of  change  came  it  would  be  necessary  to  gather  in  all  the 
remaining  broad  gauge  cars  at  the  same  points  and  "  park  "  them  upon 
these  tracks,  unless  the  road  should  be  fortunate  enough  to  have  a  large 
surplus  of  broad  gauge  tracks  that  were  not  needed  for  traffic.  Very 
few  Southern  roads  had  this,  and  the  extra  tracks  were,  as  a  rule,  laid 
A  system  with  5,000  cars  would  need  about  30  miles. 

Just  how  much  would  be  needed  at  each  point  was  a  matter  of  con 
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jecture,  as  no  one  could  tell  in  advance  how  mary  cars  would  be  changed 
at  an/  one  point,  or  how  many  broad  gauge  cars  would  be  hauled  there 
at  the  last  minute.  Storage  tracks  as  a  rule  could  not  be  built  very  near 
the  shops  where  the  changes  of  trucks  were  made,  so  that  tracks  had  to 
be  laid  connecting  them  with  the  shop  tracks. 

The  shop  tracks  were  so  arranged  that  both  wide  and   narrow  gauge 

trucks  would  run  upon  them.     This  was,  as  a  rule,  done  by  putting  some 

fr|Q   ^  guard  rails  inside  the   5-feet   track,  4  feet  5 

—  <■      _  inches  out  to  out,  so  that  the  tread  of  a  wheel 

»;    «|  of  the  narrow   truck  would  be  kept  on  the 

o     uS 

\^    .:  rail  of  the  5-feet  track.     (See  Fig.  1.) 

Some  were  laid  with  the  outer  rails  4  feet 


11^  inches  apart,  and  without  guard  rail.  This,  however,  did  not  give 
good  satisfaction,  as  the  bearing  surface  was  so  small  that  a  slight  im- 
perfection in  the  rail,  or  a  curve  that  let  the  wheel  run  to  one  side,  would 
cause  a  wheel  to  drop  in  and  give  trouble  and  delay.  The  tracks  from 
pjQ  2  storage    yards  to  shops  were  sometimes  laid 

=    rzrz^_^-         '  with  a  guard  rail  (Fig.  1),  and  at  others  with 

two  separate  tracks  on  the  same  ties  as  shown 
in  Fig.  2. 
This  last  was  most  satisfactory.  Several 
ingenious  devices  were  used  to  switch  from  one  track  to  another,  all  tenr 
porary  in  character  and  inexpensive.  Expensive  frogs  in  same  way  were 
avoided,  where  two  tracks  or  rails  were  crossed  and  compound  frogs 
ordinarily  used. 

In  changes  heretofore  made  full  sets  of  bridles  for  switches  had  in 
some  cases  been  provided  and  "  Wharton"  switches  thrown  out,  plain 
stub  switches  being  put  in  their  places.  This  seemed  expensive,  and 
w^ould  take  up  much  valuable  time  on  the  day  of  change. 

We  had  various  kinds  of  bridles.     The  old-fashioned  ones  for  the  stub 
FIG.  3.  switches,  that  clasped  the  base  of  the  rail,  as  shown 

^^  ^    in  Fig.  3,  was  cut  near  its  centre  and  had  one  end 

lengthened  ;  each  part  being  at  least  2  feet  9  inches  long.  Three  holes 
were  either  punched  or  drilled  through  the  bars  near  the  end,  the  outer 
one  2  feet7i  inches  from  the  inside  of  the  rail  head,  the  next  one  S  inches 
inside^of  that.  This  made  the  bars  all  alike,  and  no  care  had  to  be  used 
to  pick  "rights"  and  "  lefts." 

These  were  put  on  the  5-feet  gauge  by  placing  the  outer  hole  of  one 

bar  over  the  second  hole  in  the  other;  a  bolt  was  then  put  through,  a  nut 

piQ  .  put  on  the  bole,  and  a  spring  cotter  put  in 

^-  < 2_7!> .     hole  which  had  been  drilled  through  the 

•  '■'      ■  ^zs)hn\t.     Another    bolt    through    the    other 

'  "  I  °  °  °'  holes,  and  the  bar  FIG.  5. 

g  '  was  secure.     On  ^^^^=^^=^ =s3a==^ 

the  day  of  change  the  bolts  were  easily  re- 
moved, the  bars  moved  3  inches,  the  bolts  replaced,  and  our  track  was  4 
feet  9  inches. 

Fig.  4  shows  the  bars  as  changed  and  ready  to  be  put  together. 
Fig.  5  shows  a  bar  which  took  hold  of  the  flange  of  the  switch  rail, 
treated  in  the  same  way. 
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Fig.  6  shows  another  kind,  and  the  manner  of  its  treatment  is  readily 

PIQ,  5  seen  by  the  sketch.     A  hole  is  drilled  3  inches 

back  from  the  one  through  which  the  original 

rivet  or  bolt  was  put.     The  manner  of  change  is 

readily  seen. 

With  the  "  Wharton  "  there  was  more  trouble, 
as  the  bars  could  not  easily  be  removed  to  be  prepared  for  change.  It 
was  found,  however,  that  a  casting  could  be  made  that  could  be  placed 


behind  the  elevated  rail, 
which  would  hold  it  in  3 
inches  securely,  a  longer 
bolt  being  needed. 

Figs.  7  acd  8  show  this 
so  plainly  that  no  further 
description  i  s  needed. 
Five  each  of  these  bolts 
and  castings  were  needed 
for     each     switch.      The 


FIG.7 


FIG.  8 


,\/VY, 


C4^: 
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safety  throw   bar  was  simply  disconnected  to    be  lengthened  and  re- 
placed at  leisure. 

Crossings  were  prepared  by  cutting  out  at  the  centre  the  requisite 
length,  and  then  keeping  the  piece  in  place  by  splice  bars  till  the  day  of 
change,  when  the  cut  pieces  were  taken  out  and  one  side  moved  up  to 
proper  gauge.     See  Fig.  9. 

FIG.9 


It  was  decided  that  the  "  gauge"  rail  was  the  one  to  be  moved.  On 
lines  without  curves,  or  with  very  few,  this  was  undoubtedly  correct, 
but  where  curves  were  frequent  and  long  some  provision  must  be  made 
to  overcome  the  "  crowding."  The  committee  recommended  that  the 
track  be  thrown  out.  The  tendency  of  trackmen  is  so  strong  to  run  the 
tangent  into  the  curve,  and  so  much  of  our  line  was  curved  (45  per  cent, 
upon  one  division,  a  large  part  of  the  curves  being  6  degrees  and  upward), 
we  felt  that  we  must  have  some  other  remedy. 

Fig.  10  gives  an  idea  of  the  plan  of  the  committee.  It  was  claimed 
that  we  could  cut  rails  so  as  to  leave  room  ;  but  our  grades  were  high, 
and  we  felt  that  in  the  days  that  would  elapse  betwef^n  any  such  prepa- 
ration and  the  day  of  change  our  track  would  "  run,"  as  in  fact  it  did 
constantly.  We  thought  June  1  would  be  hot,  and  thus  any  gap  we 
might  calculate  upon  surely  be  closed  up.      All  this,    of  course,  where 
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the  outside  rail  was  the  one  to  be  moved.  It  seemed  better  to  us  to 
change  sides,  and  in  all  cases  move  the  inside  rail.  To  do  this  we  would 
change  the  "  gauge"  rail  up  to  the  tangent  point  the  regular  8  inches,  the 
joint  first  beyond  the  tangent  point  (which  we  will  assume  at  a  joint 
nearest  the  actual  T.  P.)  we  will  throw  in  2^  inches,  while  the  other  rail 
will  come  in  ^  inch  ;  the  second  joint  in  same  way  will  go  in  2  inches, 

FIG.10 


while  the  opposite  rail  comes  in  1  inch  ;  at  third  joint  the  distances  will 
be  1|  and  li  inches  ;  at  the  fourth  joint,  1  and  2  inches;  at  the  fifth 
joint,  i  and  2^  inches  ;  at  the  sixth  joint  our  outside  rail  will  not  move  at 
all  while  the  inside  rail  will  come  in  the  full  3  inches  ;  we  continue  to 
move  the  inside  rail  till  within  six  joints  of  the  next  tangent  point,  when 
we  commence  to  reverse  the  process.  In  the  process  of  preparation 
spikes  have  been  driven  at  each  of  the  points  mentioned.  Fig.  11  shows 
this  plan. 

The  outside  or  elevated  rail  is  the  one  usually  used  as  the  line  rail  upon 
a  curve,  so  wc  were  following  the  plan  on  which  we  started,  viz, :  to 
move  the  "gauge"  rail.     The  wisdom  of  the  plan  was  shown  when  the 

FIG.  11 


day  of  change  came,  and  curves  changed  on  this  plan  were  found  to  be 
in  better  line  than  those  changed  by  any  other  method.  We  tried  all 
three  plans  spoken  of. 

In  the  matter  of  locomotives  the  conditions  varied  much.  Of  the 
engine  builders,  the  Baldwin  Locomotive  Works  had  probably  been  the 
most  far  seeing.  For  twenty  years  they  had  looked  forward  to  this 
change,  and  had  during  that  time  so  constructed  their  frames  and  fire- 
boxes that,  by  using  new  driving  wheel  centres,  the  change  could  be 
made  without  changing  other  parts.  Few  other  builders  had,  until  com- 
paratively recently,  given  the  matter  any  thought,  and,  as  a  result 
many  engines  were  found  that   could  be  changed  only  by  moving  the 
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frames  in,  and  not  unfret^uently  the  lire-box  had  to  be  altered  ;  this 
meant  a  new  iire-box  and  heavy  expense.  Many  engines  were  thrown 
out  of  service  by  the  fact  of  the  great  cost  of  changing  them. 

The  5-feet  engines  measured  between  flanges  of  drivers  (and   other 
wheels  as  well)  4  feet  6f  inches.    As  the  gauge  was   nnrrowed   3   inches 


FIG.  12 


it  followed  that  the  new  measure- 
ment would  be  4  feet  5|  inches,  and 
this  in  fact,  was  the  measure  fixed 
upon  by  the  convention,  with  a 
limit  of  variation  of  i  inch  either 
way ;  so  the  frames  must  be 
enough  less  than  this  from  out  to 
out  to  give  a  reasonable  clearance, 
or  say  4 feet  5  inches.  I  think  all  our  Baldwins  were  within  this  limit ; 
but  we  found  other  engines  wider  from  out  to  out  of  frames,  the  frames 
being  set  out  from  the  fire-box  and  a  "pad"  placed  between  them.  See 
Fig.  12. 

The  "pad"  could  be  cut  out  and  the  frame  set  in  against  side  of  the 
fire-box  ;  but  to  do  it,  this  frame  had  to  be  oflfset,  as  shown  in  Fig.  12. 
This  was  done  behind  the  rocker  arm  and  in  front  of  the  pedestal  or 
"jaw,"  thus  rendering  unnecessary  the  changing  of  machinery,  but 
enabled  us  to  set  in  the  boxes  and  wheels  or  tires  to  the  proper  width 
without  cutting  into  the  frame. 

To  get  proper  information  about  all  the  engines,  accurate  measure- 
ments were  taken  of  width  of  fire-box,  width  between  frames,  from  out 
to  out  frames,  between  hubs,  between  inside  of  tires,  between  rims  of 
wheels,  sizes  of  boxes  and  wedges,  thickness  of  hubs,  rims  of  wheels,  etc. 
Blue  print  diagrams  were  prepared  upon  which  were  placed  all  these 
measurements  with  the  number  of  the  ergine.     From  these  the  head  of 

the  machinery  department  could  see  at  a 
glance  what  was  requu'ed  for  each  engine. 

It  was  expected  at  the  start  that  new 
driving  wheel  centres  would  be  required  for 
all  engines :  but  examination  of  our  blue 
prints  showed  that  upon  our  lines,  at  least 
in  a  majority  of  cases,  this  was  not  neces- 
sary. Some  few  engines,  notably  some  of 
the  old  Rogers,  had  wheels  that  were 
dished  to  such  an  extent  that  by  pressing 
them  off  and  putting  on  again,  with  the 
outside  face  inside,  an  inch  and  a  half  could 
be  gained  and  the  tire  could  go  on  as  originally  placed,  squarely  upon  the 
wheel.     See  Fig.  13  as  originally,  and  Fig.  14  as  turned. 

It  was  found  in  practice  that  a  new  crank  pin  had  to  be  put  in.  In 
many  cases  we  found  that  we  had  thick  hubs  and  heavy  flanges  to  both 
driving  boxes  and  wedges,  so  that  by  taking  froai  ^  to  f  of  an  inch  from 
the  insides  of  the  hubs,  and  i  to  ^  from  the  box  and  wedge  flanges,  we 
could  gain  at  least  one  inch,  and  in  some  cases  did  more.  This  left  not 
to  exceed  half  an  inch  for  the  tire  to  project  over  the  wheel  centre  on 
the  inside,  neither  an  unreasonable  nor  an  unusual  projection.     This 
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FIG.  16 


FIG.  17 


FIG.  18 


FIG 


FIG.  21 


chang:e  was  a  trifling  one  and  done  at  a  cost  per  engine  of 
$130.67,   including  new  crank  pins. 

A  new  set  of  wheel  centres,  finished  and  in  place,  includ- 
ing pins,  which  would  probably  be  needed,  would  cost 
$264.46. 

When  changes  were  decided  upon,  and  an  engine  was 
in  the  shop,  they  were  made,  and  the  tires  were  then  put 
on  at  the  old  gauge,  projecting  outside  the  centres.  They 
were  used  in  this  way  without  trouble  until  the  day  o  f 
change  came.     Fig.  15— Original.     Fig.  16— Changed. 

Some  of  the  more  recent  engines  had  their  wheel  cen- 
tres built  expressly  with  a  view  to  changing.  They  were 
placed  upon  the  axle,  as  would  be  required  with  the  new 
gauge ;  but  the  rim  projected  outwardly  an  inch  and  a 
half  more  than  usual,  so  that  the  tire  could  be  placed  for 
the  five  feet  gauge  and  still  have  its  full  support.  See 
Fig.  17.  When  the  tire  was  eventually  moved  to  the  nar- 
row gauge  this  outward  rim  would  be  turned  off. 

Of  course,  we  were  not  able  to  take  all  our  engines  into 
the  shop  and  press  in  their  wheel  centres,  so  had  to  be 
satisfied  with  some  temporary  arrangements  that  would 
give  us  the  use  of  the  engine  until  such  time  as  it  could 
be  taken  into  the  shop.  We  decided  to  set  tires  in  leaving 
the  centres  unchanged.  This  gave  an  inside  projection  of 
one  and  one-half  inches  plus  what  little  projection  there 
might  have  originally  been. 

When  the  rim  was  solid,  there  was  no  trouble  in  this 
(Fig.  18),  provided  the  tire  was  not  too  thin.  We  fixed 
upon  two  inches  as  a  limit  of  thickness  safe  beyond  doubt. 

When  the  coring  was  in  the  middle  and  not  large  this 
was  still  safe.     See  Fig.  19. 

We  sometimes,  however,  found  very  large  cores,  and  at 
one  side  (See  Fig.  20),  which  gave  us  a  very  small  hold  for  our 
tire,  and  it  was  not  deemed  safe  for  road  service.  To  over- 
come this  danger,  M^e  purchased  a  few  new  tires  6|  inches 
wide,  with  the  outer  corner  cut  away,  as  shown  in  Fig.  21. 
This  gave  us  a  bearing  over  the  entire  rim  of  the  wheel, and 
was  safe,  no  matter  how  large  or  in  what  position  was  the 
core.  The  corner  was  cut  off  to  save  material  and,  at  the 
same  time,  to  save  the  bad  effects  of  a  wide  tire  upon 
frogs  and  switches.  The  edge  was  left  one  inch  thick.  At 
some  future  time  when  the  engine  goes  into  the  shop  and 
has  new  centres  put  on,  or  the  old  ones  pressed  in,  this 
extra  width  of  tire  can  be  turned  off. 

As  to  engine  trucks  :  The  frames  had,  in  many  cases, 
been  made  of  the  proper  width  for  the  narrow  gauge,  and 
the  wheels  had  been  built  with  a  heavy  hub  projecting  an 
inch  and  a  half  inward  (Fig.  23),  so  that  it  would  bear 
against  the  truck  box.  It  was  expected  that  these  wheels 
would  be  taken  out  and  one  inch  and  one-half  of  the  hub 
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taken  off  when  the  change  came,  so  that   the  wheel  could  be  pressed  on 
FIG.  22  t^^  °®^  gauge.      This  would  have  taken    too  much  time, 

so  the  inch  and  a  half  extra  hub  was  left  off  of  all 
new  wheels,  but  a  cast  iron  collar  or  washer  one  and 
one-half  inches  thick  was  placed  upon  the  axle  inside 
each  wheel  and  between  it  and  the  box  (Fig.  23).  When 
the  day  of  change  came  a  few  blows  of  the  hammer  upon 
a  cold  chisel  split  this  collar  off  and  we  were  ready 
to.  press  the  wheel  the  needed  inch  and  a  half  upon  the 
axle. 

Many  of  the  wheels  that  were  still  in  use  with  the  long  hub  were  put 
into  a  lathe  and  a  groove  was  cut  an  inch  and  a  half  back  from  the  face. 


FIG.  23 


FIG.  24 


FIG.  25 


leaving  our  cast  collar,  which   was 
easily  si)lit  off  as  before.     (Fig.  24.) 

With  tender  wheels,  as  with  our 
car  wheels,  the  case  was  different. 
Originally,  the  axle  for  the  o-feet 
gauge  was  longer  than  for  the  4 
feet  9  inch ;  but  latterly  the  o-feet 
roads  had  used  a  great  many  Master 
Car-Builders'  axles  for  the  4  feet  9 
inch  gauge,  namely,  6  feet  11^ 
inches  over  all,  thus  making  the  width  of  the  truck  the  same  as  for  4  feet 
9-inch  gauge.  To  do  this  a  dished  wheel,  or  rather  a  wheel  with  a  greater 
dish  by  1^  mclies  than  previously  used  was  needed,  so  that  the  tread  of 
the  wheel  could  be  at  its  proper  place.  (See  Fig.  25.)  There  were,  of 
course,  many  of  the  wheels  with  small  dish  and  long  axles  still  in  use. 
Their  treatment,  however,  when  the  day  of  change  came,  did  not  vary 
from  that  of  the  short  axles. 

It  had  been  the  rule  for  some  years  that  all  axles  should  be  turned  back 
li  inches  further  than  needed  ;  but  unfortunately  the  rule  had  not  been 
closely  followed,  and  many  were  found  not  to  be  so  turned.  To  make 
the  matter  worse,  quite  a  number  of  the  wheels  were  found  to  have  been 
counterbored  about  i-  inch  deep  at  the  back  end,  and  the  axle  turned 
up  to  fit  this  counterbore  ;  a  good  idea  to  prevent  the  running  in,  in  case 
the  wheel  worked  loose,  but  bad  from  the  standpoint  of  a  change  of 

gauge.  In  such  cases  the  wheels  had  to  be 
started  off  before  the  axle  could  be  turned  back, 
50  that  the  wheels  could  be  pushed  on  in  their 
proper  position.     (Fig.  26.) 

If  the  work  was  done  where  they  had  a  lathe 

large  enough  to  swing  a  pair  of  wheels,  they 

were  pressed  off  but  half  an  inch,  the  wheels 

swung  in  the  lathe,  the  axles  turned  back  1^ 

inches,  and  the  wheels  then  pressed  on  2  inches 

or  1^  inches  inside  of  their  first  position. 

Where  no  large  lathe  was  in  use,  the  wheels  came  entirely  off  before 

the  axles  could  be  turned  back.    The  work  in  the  former  case  was  both 

the  quicker  and  the  cheaper.    Where  the  large  lathes  were  used  they 

were  either  set  down  into  the  floor,  so  a  pair  of  wheels  would  easily  roll 
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into  place,  or  a  raised  platform  was  put  before  the  lathe,  with  an  incline 
up  which  the  wheels  were  rolled  and  then  taken  to  the  lathe.  These 
arrangements  were  found  much  quicker  and  cheaper  than  to  hoist  the 
wheels  up,  as  is  usually  done. 

In  pressing  the  wheals  on,  where  the  axles  had  previously  been  turned 
back,  much  trouble  was  at  first  experienced  because  of  the  rust  that  had 
gathered  upon  the  turned  part  behind  the  wheel,  forming  a  ridge  over  or 
upon  which  the  wheel  must  be  pushed.  Some  of  the  roads,  at  the  start, 
burst  10  or  15  per  cent,  of  the  wheels  so  pressed  on.  By  saturating  this 
surface  Avith  coal  oil,  however,  it  was  found  that  the  rust  was  easily  re- 
moved and  little  trouble  was  had.  It  was  found,  sometimes,  that  upon 
axles  newly  turned  back  a  careless  workman  would  leave  a  ridge  at  the 
starting  point  of  the  turning.  Frequently,  also,  the  axles  were  a  little 
sprung,  so  that  the  new  turning  would  be  a  little  scant  upon  one  side 
when  compared  with  the  old  surface,  and  upon  the  opposite  side  a  little 
lull.  As  an  indication  that  these  difficulties  were  overcome  as  they 
appeared,  I  will  say  that  upon  our  line  only  202  wheels 
J — y  burst  out  of  nearly  27,000  pressed  on,  an  exceedingly 
<t  small  percentage. 

After  the  change  upon  the  early  roads  they  were 
troubled  for  weeks  with  hot  boxes,  caused,  as  we  be 
lieved,  by  the  chauging  of   brasses.     A  brass  once 
fitted  to  a  journal  will  work  upon  it  without  trouble  ; 
but  when  placed  upon  some  other  journal  will  prob- 
ably not  fit.     If  the  journal  had  been  worn  hollow 
(and  it  was  surprising  to  see  how  many  were  so  worn, 
the  bra-s  would  be  found  worn  down  to  fit  it.     See 
Fig.  27.    (Exaggerated  of  course.) 
The  next  wheel  may  have  an  axle  worn  little  or  none.     See  Fig.  28. 
Now,   if  these   brasses    are  exchanged,   we  have  the  conditions,   as 
shown  in  Figs.  29  and  30.  and  we  muse  expect  they  will  heat.    The  remedy 


^ 


FIG.  ,29 


was  simply  to  keep  each  brass  upon  its  own  journal. 
To  do  this  the  brasses  were  fastened  to  the  axle  by 
a  piece  of  small  wire,  and  went  with  it  to  the  lathe 
and  press.  When  its  truck  was  reached,  the  brass 
was  there  with  its  journal.  Worn  out  brasses,  of 
course,  could  not  be  put  in,  and  new  ones  were  sub- 
stituted. The  little  trouble  from  that  source  that 
followed  the  change  showed  the  efiicacy  of  the 
remedy. 

The  manner  in  which  the  tires  of  engines  were  to 
be  changed,  when  the  final  day  came,  was  a  serious 
question.  The  old  fashioned  fire  upon  the  ground  could  not  be  thought 
of.  The  M.  &  O.  had  used  a  fire  of  pine  under  the  wheel,  which  was 
covered  by  a  box  of  sheet  iron,  so  arranged  that  the  flame  and  hea^ 
would  be  conveyed  around  the  tire,  and  out  at  an  aperture  at  the  top. 
Fig.  31.  Many  thought  this  perfect,  while  others  were  not  satisfied,  and 
began  experiments  for  something  better.  A  device  for  using  gas  had 
been  patented,  but  it  was  somewhat  complicated,  as  well  as  expensive, 
and  did  not  meet  with  general  favor.     A  very  simple  device  was  soon 
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hit  upon.  A  two-inch  pipe  was  bent  around  in  a  circle  a  little  larger 
than  the  outer  rim  of  the  wheel.  Holes  ^V  ii^ch  in  diameter  and  3  or  4 
inches  apart  were  drilled  through  the  pipe  on  the  inside  of  the  circle. 
To  this  pipe  was  fastened  another  with  a  branch  or  fork  upon  it.  To 
one  branch  or  fork  was  connected  a  gas  pipe  from  the  meter,  while  to 


FIG.  31 


FIG.32 


<*«« 


the  other  was  connected  a  pipe  from  an  air  pump.  With  the  ordinary 
pressure  of  city  gas  upon  this  pipe  it  was  found  that  the  air  pump  must 
keep  an  air  pressure  of  40  pounds,  that  the  air  and  gas  might  mix 
properly  at  the  branch  or  fork,  so  we  could  get  the  best  combustion 
and  most  heat  from  our  "  blow  pipe,"  for  such  it  was.     Fig  33. 

We  were  able  to  heat  a  tire  so  it  could  be  moved  in  ten  to  twenty 
minutes,  and  the  machine  may  be  said  to  have  been  satisfactory. 

Gas,  however,  was  not  to  be  had  at  all  places  where  it  would  be 
necessary  to  change  tires,  and  the  item  of  cost  was  considerable. 

To  reach  a  result  as  good,  if  possible,  experiments  were  begun  with 
coal  oil  (bead  light  oil).  They  were  crude  and  unsatisfactory  at  first, 
but  soon  success  was  reached.  * 

A  pipe  was  bent  to  fit  the  lower  half  of  a  wheel  pretty  closely  and 
then  turned  back  under  itself  about  the  diameter  of  the  pipe  distant 
from  it.  This  under  part  had  holes  ^V  i°ch  in  diameter  and  3  or  4  inches 
apart,  drilled  upon  its  upper  side,  or  under 
the  upper  pipe.  Connected  with  the  upper 
pipe  at  its  centre,  was  a  pipe  which  ran  to 
one  side  and  up  to  the  can  containing  the 
kerosene.  Between  the  can  and  the  pipe  un- 
der the  wheel  was  a  stop  cock,  by  which  the 
flow  of  oil  could  be  controlled.  To  use  the 
device,  open  the  cock  and  let  a  small 
amount  of  oil  flow;  apply  fire  to  the  pipe 
under  the  wheel,  and  the  oil  in  tbe  upper 
pipe  is  converted  into  gas,  which  flows  out 
of  the  small  holes  in  the  lower  pipe,  takes 
fire,  and  heats  not  only  the  tire,  but  the 
upper  pipe,  thus  converting  more  oil  into  gas.  We  hal  1  ere  a  lot  of 
blue  flame  jets  and  the  same  result  as  with  gas,  but  at  less  cost.    We  had 
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also  a  machine  that  was  inexpensive  and  easily  handled  anywhere.  Boxes 
were  placed  over  the  upper  parts  of  the  wheels  that  the  heat  might  pass 
closely  to  the  tire.  This  device  was  extensively  used  by  our  people,  and 
with  great  satisfaction.  In  one  way  care  had  to  be  taken,  viz.:  That  in 
starting  the  fire  it  did  not  smoke  and  cover  the  tire  with  carbon  or 
''lampblack,"  which  is  a  non-conductor  of  heat. 

Experiments  were  made  with  air  forced  through  gasoline,  and  with 
oil  heated  in  a  can  to  form  gas.  There  was  more  danger  in  either  of 
these  than  with  our  blow-pipe  device,  and  no  better  results  were  ob- 
tained, though  the  cost  was  greater. 

With  the  change  of  the  wheels,  the  brakes  had  to  be  changed  the  same 
amount,  that  is,  each  one  set  in  H  inches.     This  it  was  thought  would 
either  require  new  hangers,  or  a  change  in  the  head  or  shoe  in  some  way. 
We  found  that  the  hangers  could  easily  be  bent  without  removal.  Figs.  34 
PIP  <3  .  show  three  hangers  after  pass- 

ing through  the  bending  pro- 
cess. A  short  lever  arranged 
to  cla&p  the  hanger  just  below 
the  point  A  was  the  instru- 
ment;  a  forked  "shore"  is 
now  placed,  with  the  fork, 
against  the  point  A,  and  the 
other  end  against  the  car  sill; 
press  down  on  the  lever  and  you  bend  the  hanger  at  ^;  lower  the  lever  to 
a  point  just  below  B,  reverse  the  process  and  you  have  the  bend  at  B;  the 
whole  thing  taking  less  than  two  minutes  per  hanger.  A  n2w  bolt  hole,  of 
course,  has  been  bored  in  the  brake  beam  1^  inches  inside  the  old  hole. 
It  takes  but  a  short  time  after  this  to  change  the  position  of  the  head 
and  shoe. 

Before  the  day  of  change,  a  portion  of  the  spikes  were  drawn  from  the 
inside  of  the  rail  to  be  moved,  and  spike  set  3  inches  inside  of  the  rail. 
As  a  rule  two^pikes  were  drawn  and  the  third  left.  At  least  every  third 
spike  was  set  for  the  new  gauge,  and  in  some  cases  every  other  one. 

There  were  several  devices  with  which  to  set  the  spike.  A  small  piece 
of  iron  3  inches  wide  was  common,  and  answered  the  purpose   well. 

FIG.36 
FIG.35 

FIG.37 
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This  had  a  handle,  sometimes  small,  just  large  enough  for  the  hand  to 
clasp,  while  others  had  a  handle  long  enough  for  a  man  to  use  it  without 
stooping  down.  See  Figs.  35  and  36.  Another  device  is  shown  in  Fig. 
37,  so  arranged  that  the  measurements  were  made  from  the  head  of  the 
other  rail.  This  was  liked  best,  and,  it  is  thought,  gave  the  best  results, 
as  the  moved  rail  was  more  likely  to  be  in  good  line  than  when  the 
measurements  were  taken  from  the  flange. 
It  was  intended   that  great  care  should  be  taken  in  driving  the  spike, 
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that  they  were  in  the  proper  place,  square  with  the  rail,  and  left  sticking 
up  about  an  inch. 

The  ties,  of  course,  were  all  adzed  down  before  the  day  of  change. 

"  Hand-spikes"  were  originally  used  to  throw  the  rails,  as  were  lining 
bars. 

We  found,  however,  that  stnull  "  cant-hooks"  were  more  easily  handled 
and  did  better  work.  The  first  were  made  like  Fig.  88,  with  a  spike  in 
piQ  og  the  end  of  a  stick,  while  the  hook  was  fastened  with 

FIG  39    ^  "^^'^  about  10  or  12  inches  above  the  foot. 

We  afterwards  made  thera  of  an   1^  inch  rod,  3^ 

feet  long,  pointed  at  one  end,  with  a  ring  shrunk   on 

J,  ^  1   foot  from  the  bottom.     Then  the  hook  was  made 

'f^=^    y  li  with  an  eye,  as  shown  in  Fig.  39,  which  slipped  down 

over  the  top  of  the  main  rod.  This  was  simple  and 
cheap,  and  the  iron  was  to  be  used  for  repair  purposes  when  this  work 
was  done. 

Upon  the  system  with  which  the  writer  was  connected  we  had  some 
branches  where  we  could  experiment  upon  the  moving  of  the  rail. 
Between  Selma  and  Lauderdale  the  traffic  was  light,  and  at  Lauderdale 
it  connected  with  the  Mobile  &  Ohio  Railroad,  which  was  narrow,  and 
to  which  all  freight  had  to  be  transferred,  either  by  hoistiug  the  cars,  or 
by  handling  through  the  house.  By  changing  our  gauge  we  would  simply 
change  the  point  of  transfer  to  Selma.  Here  was  a  chance  to  experiment 
upon  one  hundred  miles  and  cause  little'^trouble  to  traffic.  We  could  see 
the  practical  workings  of  our  plans,  and,  at  the  same  time,  leave  less  to 
do  on  the  final  day.  Upon  the  20th  of  April  we  did  this  work.  It  had 
been  our  plan  to  do  it  somewhat  earlier,  but  floods  prevented. 

Most  of  the  rail  was  old  chair  iron,  short,  and  consequently  more  time 
was  used  in  making  the  change  than  would  have  been  required  had  our 
work  been  on  fish  plate  rail.  Our  sections  here  were  about  eight  miles 
long,  and  we  arranged  our  men  on  the  basis  blocked  out  by  tl  e  commit- 
tee, viz. :  24  to  26  men  to  the  section,  consisting  of  6  spike  pullers,  4 
throwing  rails,  12  splkers,  2  to  push  the  cars  and  carry  water. 

We  soon  found  5-f eet  cars  useless  and  threw  them  into  the  ditch  to  be 
picked  up  at  some  future  time. 

The  men  were  spread  out  so  as  not  to  be  in  each  other's  way,  and,  when 
the  organization  was  understood  and  conformed  to,  it  worked  well.  One 
gang  changed  5  miles  in  5  hours  and  10  minutes,  including  a  num- 
ber of  switches.  We  found,  however,  and  it  was  demonstrated  still 
more  strongly  on  later  work,  that  after  5  or  6  miles  the  men  began  to 
lag. 

We  believed  we  had  the  best  results  when  we  had  sections  of  about 
that  length. 

It  was  arranged  that  two  sections,  alternately,  commenced  work  to- 
gether at  one  point,  working  from  each  other  and  continuing  until  the 
force  of  another  section  was  met,  working  from  the  opposite  direction. 

The  foreman  in  charge  was  expected  to  examine  the  work  and  know 
that  all  was  right.  The  push  car  which  followed  was  a  good  test  as  to 
gauge. 

A  work  train  was  started  frona  each  end  with  a  small  force  (20  or  25 
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men)  to  run  over  the  changed  track.  This  train,  of  course,  had  been 
changed  on  a  previous  day  to  be  ready  for  this  veork. 

If  a  force  was  overtaken  by  this  train  with  its  work  not  done,  the  men 
on  the  train  were  at  once  spread  out  to  aid  in  its  completion.  This  done, 
the  train  ran  on. 

Not  until  this  was  done  was  a  traffic  train  allowed  to  pass  over  the 
track.     The  same  rule  was  followed  upon  all  the  work. 

Upon  the  final  day  it  was  required  that  upon  all  high  trestles  and  in 
tunnels  the  track  should  be  full  spiked  before  being  left,  or  a  train  let 
over.  This  took  extra  time  and  labor,  and  possibly  was  not  necessary; 
but  it  was  a  precaution  on  the  side  of  safety. 

Upon  the  day  of  the  change  of  the  Alabama  Central  Division  (Selma  to 
Lauderdale),  superintendents  of  other  divisions,  with  their  road  masters, 
supervisors,  master  mechanics  and  many  section  foremen,  were  sent 
over  to  see  the  organization  and  work  and  the  iDreparations  that  had 
been  made.  Many  of  them  lent  a  helping  hand  in  the  work.  They 
saw  here  in  practice  what  had  only  been  theory  before. 

About  a  week  before  the  general  change  that  portion  of  the  road 
between  Rome,  Ga.,  and  Selma,  Ala.,  about  200  miles,  was  changed,  and 
again  men  from  other  divisions  were  sent  to  see  and  aid  in  the  work  ;  so 
when  the  final  day  came  the  largest  possible  number  of  men  were  able  to 
work  understandingly. 

On  the  last  day  of  May  the  Memphis  &  Charleston,  Knoxville  &  Ohio, 
and  North  Carolina  Branch  were  changed,  an-i  on  June  1  the  line  from 
Bristol  to  Chattanooga  and  Brunswick. 

Oth.r  roads  changed  their  branch  lines  a  day  or  two  before  the 
1st  of  June  ;  but  the  main  lines,  as  a  rule,  were  changed  on  that 
day. 

It  was  no  small  matter  to  take  care  of  the  cars  and  arrange  the  train 
service  so  there  should  be  no  hitches.  It  was  not  expected  that  connec- 
4;ions  would  move  freight  during  the  48  hours  prior  to  the  change,  and 
•these  days  were  spent  in  clearing  the  road  of  everything,  and  taking 
the  cars  to  the  points  of  rendezvous.  All  scheduled  freight  trains  were 
:abandoned  on  the  day  prior  to  the  change,  and  only  trains  run  to  such 
points. 

Upon  the  East  Tennessee  system  these  points  were  Knoxville,  Rome, 
Atlanta,  Macon,  Huntsville  and  Memphis,  and  to  these  points  all  cars 
must  go,  loaded  or  empty,  and  there  they  were  parked  upon  the  tracks 
prepared  for  the  purpose.  Passenger  trains  were  lun  to  points  where 
it  had  been  arranged  to  change  them,  generally  to  the  general  changing 
point . 

Most  of  the  southern  roads  have  double  daily  passenger  service  ;  upon 
all  roads  one  of  these  trains,  upon  the  day  of  change,  was  abandoned, 
^nd  upon  some  all.     Some,  even,  did  not  run  till  next  day. 

We  were  able  to  start  the  day  trains  out  by  10  o'clock  or  11  o'clock 
A.  M.,  and  put  them  through  in  fair  time.  Of  course,  no  freights  were 
run  that  day,  and  the  next  day  was  used  in  getting  the  cars  which  had 
been  changed  out  of  the  parks  and  into  line.  So  our  freight  traffic  over 
the  entire  South  was  suspended  practically  three  days. 

The  work  of  changing  was  to  commence  at  3:30  A.  M.,  but  many  of  the 


CHANGE  OF  GAUGE  OF  SOUTHERN  RAILROADS.  385 

men  were  in  position  at  an  earlier  hour  and  did  commence  work  as  soon 
as  the  last  train  was  over,  or  an  hour  or  so  before  the  fixed  time.  Half- 
past  three  a.  m.,  however,  can  be  set  down  as  the  general  hour  of  com- 
mencement. 

For  five  or  six  hours  in  the  cool  morning  the  work  went  on  briskly, 
the  men  working  with  much  more  than  ordinary  enthusiasm  ;  but  the 
day  was  warm,  and  after  9  or  10  a.  m.  it  began  to  lag.  All  was  done, 
however,  before  the  day  was  over,  and  safe,  so  that  trains  could  pass  at 
full  speed. 

The  men  all  received  $1.50  for  the  work,  whether  it  was  finished  early 
or  late  in  the  day,  and  were  paid  that  afternoon  as  soon  as  the  work  was 
done.  Tickets  wore  given  the  men,  which  the  nearest  agent  paid,  re- 
mitting as  cash  to  the  treasurer. 

On  some  lines  it  was  deemed  best  to  offer  prizes  to  those  who  got 
through  first. 

Reports  showed  some  very  early  finishes  ;  but  the  facts  seem  to  have 
been  that  under  such  encouragement  the  men  were  apt  to  pull  too  many 
spikes  before  the  change  and  put  too  few  In  while  changing.  They  were 
thus  reported  through  early,  but  their  work  was  not  done,  and  they  took 
great  chances. 

It  was  by  most  considered  unwise  to  offer  such  prizes,  preferring  to 
have  a  little  more  time  taken  and  be  sure  that  all  was  safe.  Such  lines 
seemed  to  get  their  trains  in  motion  with  as  much  promptness  as  others. 
This,  with  freedom  from  accident,  was  the  end  sought. 

It  was  found  after  the  work  had  been  done  that  there  had  been  little 
inaccuracies  in  driving  the  gauge  spike,  to  which  the  rail  was  thrown, 
probably  from  various  causes.  The  rail  to  be  moved  may  not  always 
have  been  exactly  in  its  proper  place,  and  then  the  template  in  the  hurry 
may  not  have  been  accurately  placed,  or  the  spike  may  have  turned  or 
twisted. 

Whatever  was  the  cause,  it  was  found  that  frequently  the  line  on  the 
moved  side  was  not  perfect,  and,  of  course,  many  spikes  had  to  be  drawn 
and  the  rail  lined  up  and  re  spiked.  The  more  careful  the  work  had 
been  done,  the  less  of  this  there  was  to  do  afterwards.  With  rough 
track  this  was  least  seen.   The  nearer  perfect,  the  more  noticeable  it  was. 

Of  course,  we  all  planned  to  get  foreign  cars  home  and  have  ours  sent 
to  us  ;  but  when  the  interchange  stopped,  we  found  we  had  many  foreign 
cars,  which,  of  course,  had  to  be  changed.  This  subject  had  come  up  in 
convention  and  it  had  been  voted  to  charge  $3  per  car  when  axles  did 
not  need  turning,  and  15  where  they  did.  By  comparison  with  the  cost 
of  changing,  as  shown  in  this  paper,  it  will  be  seen  that  to  our  company, 
at  least,  there  was  no  loss  at  these  figures. 

The  tables  on  the  following  pages  will  explain  the  work  done  upon 
the  Louisville  &  Nashville,  and  East  Tennessee,  Virginia  &  Georgia  sys- 
tems. 

It  is  to  be  regretted  that  the  writer  has  not  at  hand  information  regard- 
ing other  roads  that  fuller  statements  and  comparisons  might  be  made 
and  the  showings  be  of  greater  value. 

The  figures  of  the  Mobile  &  Ohio  are  added,  having  been  compiled  from 
the  annual  report  of  that  road. 
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MOBILE  &  OHIO  RAILROAD. 

(Compiled  from  Annual  Report.) 

Number  Cost  of  Cost  of  Average 

chacged.  labor.  material.  Total  cost.  cost. 

Engines  and  tenders 47  $8,031.43  .$7,376.86  $15,308  28  $325.70 

Pass.,  bag.  and  ex.  cars...       55  438.37            104.35           543.63  9.87 

?rS|hhT;c^'!o7K::[l'4^S>^  '^'^l^-^'^  ^3^-5^  ^'458.60  4.40 

Lever  and  push  cars" ... .     143  1,427.55  476.93  1,904.48  13.33 

Miles. 

Track  (including  sidings) .     583.5  17,109.-53  7,375.14  24,384.67  41.79 

Bridges 583.5  1,896.60  190.00  2,086.60  3.58 

Track  tools 583.5  170.73  1,405  74  1,576.46  2.70 

Shop  tools 583.5  419.70  2,983  90  3,403.60  5.83 

Temporary  sidetracks...        12.09  1,958.94  372.37  2,331.31  193.83 

Switching  cars 1,398.18  16.50  1,414.68    

Car  hoists 2,499.38  4,419.34  6,918.72    

Total  cost $41,069.43    $25,259.60    $66,329.02     

Tttal  average  cost  per  mile $113.68 

LOUISVILLE    &   NASHVILLE   RAILROAD. 

{Compiled  from  Annual  Report.) 

Miles  of  track— Main  line 1,893.7 

—Sidetrack 196  3 

3,090.0 

Track.  Total.  ^^ne^'' 
Section   labor — Before  day  of  change...     $28,106.60 

—On  day  of  change >.      20,090.42 

—After  day  of  change 19,713. 19 

$67,910.21  $33.49 

Carpenter  labor 3,799.19  l.?3 

Spikes 20,873.70  9.99 

Switches 6,331.85  3.03 

Tools 2,749.50  1.31 

Hand  cars  and  sundries 5,69 1.39  3.7  2 

Total $107,355.84  $51.36 

Equipment. 

Number.  Total.  ^cost^^ 

Locomotives 264  $53,480.98  $302.58 

Cars  (300  of  these  passenger— 3. c^ 8,537  49,577.20  5.81 

Total  cost $210,414.02 

Total  average  cost  per  mile $100.67 

EAST  TENNESSEE,  VIRGINIA  &   GEORGIA  SYSTEM. 

Number  Cost  of  Cost  of  Total    Average 

changed.  labor.  material.  cost.  cost. 

Engines  and  tenders 180  $8,227.47  $2,904.30  $11,131.77  $61.83 

Pass.,  bag.  and  mail  cars..     168  734.93  59.67  794.60  4.73 

Freight  cars  and  cabooses. 5, 175  17,425.57  1,224.08  18,649.65  3.60 

M.  of  W.  cars 439  2,038.44  549.47  3,587.91  5.89 

Miles  track. 

Track  (inc.  sidings) 1,533.7  37,718.17  40.913.09  68,630.36  44.78 

Bridges 1,533.7  1,808.57  300.00  3,008.57  1.31 

Track  tools 1,533.7  194.48  3,573.83  3,768.31  1.80 

Storage  tracks,  inc.  tak- 
ing up 37.03  9,835.41  1,481.59  11,307.00  305.44 

Shop  tools 473.30  3,738.30  3,300.50      

Total  cost $68,445.34    $53,633.33    $131,078.57      

Total  average  cost  per  mile $79.06 
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Axles  condemed 577 

Wheels  condemned 7.54 

Wheels  burst 202 

New  axles  used 1 ,  102 

New  wheels  u>ed 2,783 

Axles  turned  back 8,316 

Wheels  pressed  on  without  turning  axle 23,952 

New  brasses  used 10,723 

Cars  narrowed  (not  including  lever  or  push  cars) .    5,343 

Engines  narrowed 180 

Average  cost  of  new  centres  and  crank  pins,  etc $264.46 

Average  cost  of  cutting  off  hub  and  pressing  wheels  and  new  pins 130.67 

Average  cost  of  pressing  old  tires  on  old  centres 29»08 

Average  cost  of  pressing  old  tires  on  broad  centres 31 .83 

Average  cost  of  labor  putting  on. new  tires 22.94 

COMPARATIVE  STATEMENT  OF    AVERAGE   COST  OF  VARIOUS   ITEMS  OF  WORK. 

E   T 
M.  &  O.  R.  R.        L.  &  N.  R.  R.      V.  &*G.'r.  R.        Average. 
Engines  and  tenders — 

per  engine $325.70  $202.58  $61.82  $196.70 

Pass.,    bag.    and    ex. 

cars— per  car 9.87  *5.81  4.73  6.80 

Freight  cars,  per  car  4.40  +5.81  3.60  4.60 

M.  of  W.    cars,    per 

car.   13.32  2.72  5.89  7.31 

Track   (inc.    sidings, 

bridges,    etc.),    per 

mile 45.37  47.33  46.09  46.26 

Track  tools,  per  mile.        2.70  1.31  1.80  1.94 

Temporary        side 

tracks  per  mile ....     192.83  305.44  249. 13 

Total  per  mile  of 
track,  inc.  sid- 
ings  $113.68  $100.67  $79.06  $97.80 

*  Expense  not  divided  as  between  passenger  and  freight  cars. 

+  3.5  per  cent,  passenger,  baggage  and  express  cars;  96.5  per  cent,  freight  cars. 

Note. — Since  the  preparation  of  this  paper  the  general  manager  of  the 
Norfolk  &  Western  Railroad  has  kindly  furnished  the  following  items  of 
expense  for  that  line. 

No. 

Engines  and  tenders 95 

Cars  (all  kinds) 3,615 

Track,  mi  es  (including  sidings) 597.5 

Labor. 

Tools  and  supplies 

Changing  M.  of  W.  equipment 

Switches 

Spikes 

Total  track $38,721.10 

Total $114,445.75 

Total  average  cost  per  mile $191.53 

And  the  superintendent  of  the  S.   F.  &  W.R.  R.  has  also  furnished 

the  expenses  for  that  road. 

No.  Average  cost. 

Engines  and  tenders 75  $76.31 

Cars  (passenger) 95  4.67 

"     (freight) 1,133  3.88 

Track,  including  sidings 601.76  44.49 

Nothing  was  said  about  shop  or  other  tools,  storage  tracks,  or  chang- 
ing of  maintenance  of  way  equipment. 


Cost. 
$37,730.00 
37,994.65 

Average 

cost. 
$397.16 
10.51 

25,296.96 

3,531.12 

813.13 

571.67 

8,508.22 

$38,721.10 

64.80 
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COMPARATIVE    STATEMENT  OF  AVERAGE  COST  OF  LABOR  OF  VARIOUS  ITEMS  IF 

WORK, 


M.  &  O.  R.  R. 

Engines  and  tenders..  $170,88  1 

Pas.,  bag.  and  ex  cars  7.97  [ 

Freight  cars 3.89  [ 

M.  of  W.  cars 9.98  I 

Miles  track  (inc.   sid- 
ings, bridges,  etc.).  32.57 
Track  tools  per  mile.  .30 
Temporary  tracks 162.03 

Total  per    mile   of 
track 170.38 


L.  &  N.  R.  R. 

Not 
divided . 


34.81 

Not 
divided. 


Not 
divided. 


E.  T., 
V.  &  G.  R. 

f  $45.71 
J  4.38 
1  3.36 
t      4.64 

19.26 

.13 

285.40 


144.72 


R. 


Average. 

$108.29 

6.17 

3.62 

7.31 

28.71 

.21 

213.71 


$57.55 


COMPARATIVE   STATEMENT    OF    AVERAGE  COST    OF    MATERIAL  OF  VARIOUS  ITEM 


M.  &  O.  R.  R. 
Engines  and  tenders..  $154.82  j 


Pas.,  bag.  and  ex.  cars  1.90  ! 

Freight  cars .51  j 

M.  of  W.  cars 3.34  J 

Miles  track  (inc.  sid- 
ings, bridges,  etc.  . .  12.80 
Track  tools,  per  mile.  2  40 
Temporary  tracks. . .  162.03 

Total   per   mile  of 

track $43.30 


OF  WORK. 

L.  &  N.  R.  R. 

Not 
divided. 


13.02 

Not 
divided. 


F   T 
V.  (fe.'G.Ry. 
r  $16.11 
.35 
.24 
1.25 

26.83 

1.67 

40.04 


Not 
diviaed. 


$34.34 


Average . 

$85.46 

1.12 

.37 

2.30 

17.55 

2.03 

101.03 


$38.82 


SUMMARY  OF  STATEMENTS  OF  L.    &   N.   AND  E.    T. ,    V.    &   G.    RAILWAYS. 

The  mileage  changed  of  the  L.  &  N.  and  E.  T.,  V.  &  G.  systems  com- 
bined ags;regates = 3.622  miles. 

The  total  cost  of  these  two  roads $331,492.59 

Or  an  average  per  mile  of 91.52 

Total  miles  changed  was  about 14,500  miles. 

Which  would  give  total  cost,  at  same  rate $1,327,040 

We  should  really  add  to  this  a  large  sum  for  the  great  number  of  new 
locomotives  which  were  purchased  to  replace  old  ones  that  could  not  be 
changed,  except  at  large  cost,  and  which,  when  done,  would  have  been 
light  and  undesirable. 

Upon  the  basis  of  the  work  done  upon  the  L.  &  N.  and  E.  T.,  V.  &  G. 
systems,  which  combined,  cover  about  one-fourth  the  mileage  changed, 
we  have  made  the  following  estimates,  which  will  perhaps  convey  a  bet- 
ter idea  of  the  extent  of  the  work  than  can  be  obtained  in  any  other 
way. 

Miles  of  track  changed,  about 14,500 

Locomotives  changed,       "     1.800 

Cars  (pass,  and  freight)  changed,  about 45,000 

New  axles  used,                                  "      9,000 

New  wheels  used,                               "     20,000 

Axles  turned  back,                            "      75,000 

Wheels  pressed  on  without  turning  axles,  about 220,000 

New  brasses  used,  about 90,000 

Kegs  of  spikes  used,  about 50.000 

Cost  of  material  used,  about $600,000 

Cost  of  labor,  abcut 730,000 

Total  cost  of  work,  about 1,330.000 

Amount  expended  on  equipment,  about 650,000 

Amount  expended  on  track,  about 680,000 

Amount  expended  on  track  on  day  of  change  in  labor,  about 140,000 

The  work  was  done  economically,   and  so    quietly  that  the  public 
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hardly  realized  it  was  in  progress.  To  the  casual  observer  it  was  an 
e very-day  transaction.  It  was,  however,  a  work  of  great  magnitude, 
requiring  much  thought  and  mechanical  ability. 

That  it  was  ably  handled  is  evidenced  by  the  uniiorm  success  attained, 
the  prompt  changing  at  the  agreed  time,  and  the  trifling  inconvenieuce 
to  the  public. 


EXPERIMENTS  WITH  SUBMERGED  AJUTAGES. 


By  C,  W.  Clark,  Member  of  the  Engineers'  Cl.vb  of  St.  Louis. 

[Read  April  20,  1887.] 


The  experiments  treated  of  in  this  paper  were  made  by  request  of  Prof. 
S.  W.  Robinson  several  years  ago  in  the  physical  laboratory  of  the  Uni- 
versity of  Illinois,  and  at  that  time  were  supj/osed  to  be  the  most  com- 
plete experiments  of  the  kind  recorded.  The  co-efficients  of  discharge, 
etc.,  were  computed  soon  after  the  experiments  were  made,  but  were 
laid  aside  until  recently  without  being  put  in  proper  shape  for  publica- 
tion. One  feature  of  these  experiments,  so  far  as  I  know,  is  unique — 
that  is,  the  measurement  of  the  decreased  pressure  on  the  inner  walls  of 
the  ajutages  during  the  flow  of  water  through  them. 

The  experiments  are  limited  to  one  form  of  orifice  or  mouthpiece  and 
four  forms  of  ajutages.  Three  of  these  ajutages,  however,  were 
made  in  sections,  so  that  different  lengths  of  each  form  were 
used.  Unfortunately  some  of  the  data  taken  was  lost,  and  a  more  ex- 
tended series  of  observations  is  necessary  for  making  a  thorough  discus- 
sion of  the  forms  of  ajutage  experimented  with.  I  present,  however, 
such  results  as  I  have  obtained,  hoping  that  they  may  be  of  some  interest 
and  possibly  of  some  practical  use  to  the  hydraulic  members  of  our  Club. 

The  following  experiments  were  made,  the  first  two  being  preliminary 
to  the  experiments  with  the  ajutages  : 

1st.  Twenty  observations  were  made  for  determining  the  co-efficient  of 
discharge  of  a  mouthpiece  made  of  nearly  the  form  of  the  vena  contracta 
(section  shown  in  Fig.  1). 

2d.  Ten  observations  were  made  for  determining  the  co-efficient  of  dis- 
charge of  the  same  mouthpiece  when  submerged. 

3d.  Nineteen  observations  were  made  for  determining  the  co-efficient 
of  discharge  of  three  different  lengths  of  the  ajutage,  when  submerged 
(shown  in  Fig.  2)  ;  also  for  comparing  the  discharge  of  the  ajutage  with 
the  discharge  which  the  simple  mouthpieceiWOuld.give  if  working  with 
an  added  head  equal  to  the  water  equivalent  of  the  manometer  reading, 
which  measures  the  decreased  pressure  on  the  inner  walls  of  the  ajutage. 

4th.  Eighteen  observations  were  taken  for  similar  determinations  for 
three  lengths  of  the  ajutage  when  submerged  (shown  in  Fig.  3). 

5th.  Thirty  observations  were  made  for  similar  determinations  for  five 
lengths  of  the  ajutage  (shown  in  Fig.  4). 

6th.  Six  observations  were  made  for  similar  determinations  for  the 
ajutage  shown  in  Fig.  5. 

Each  ajutage  had  a  hole  drilled  through  its  side  near  the  junction  with 
the  mouthpiece,  in  which  was  inserted  a  small  tube  for  connecting  with 
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a  rubber  hose  leading  to  one  arna  of  a  manometer  ;  a  second  rubber  hose 
connected  with  the  other  arm  and  bad  one  end  submerged  in  the  receiv- 
ing tank.  These  rubber  hose  were  filled  with  water.  The  diminution  of 
pressure  in  the  ajutage  during  the  flow  through  it  is  thus  measured  by 
the  height  to  which  the  atmospheric  pressure  raises  a  column  of  mercury 
in  the  manometer.  This  column  of  mercury  reduced  to  a  water  equiva- 
lent gives  the,  so  called,  added  head. 

The  discharging  tank  was  nearly  a  rectangular  prism  of  1  square  foot 
section,  and  the  receiving  tank  was  nearly  a  rectangular  prism  of  section 
1  foot  by  2  feet.  The  discharging  tank,  before  an  observation,  was  filled 
full  pnd  a  gate  covering  the  orifice  was  opened,  at  the  instant  the  surface 
reached  a  certain  fixed  point  time  was  taken  and  the  manometer  was 
read,  and  again  the  time  taken  and  manometer  read  at  the  instant 
the  surface  reached  a  second  fixed  point.  A  knife  edged  hook  gauge  was 
used  to  show  the  exact  instant  that  the  surface  reached  these  points.  The 
heads  for  these  points  were  very  carefully  determined.  The  volume  of  the 
discharging  tank  between  these  heads  was  found  by  making  careful 
measurements  of  many  elements  of  the  end  and  middle  areas  of  the  prism 
and  computing  by  the  prismoidal  formula.  The  area  of  the  orifice  was 
found  by  making  several  micrometric  measurements  of  three  diameters, 
60  degrees  apart.  The  above  measurements  are  all  that  was  necessary 
for  the  first  experiment,  but  for  the  other  experiments  the  head  in  the 
receiving  tank  had  to  be  known  at  the  beginning  and  end  of  the  observa- 
tion. The  difference  of  heads  in  the  receiving  tank  compared  with  the 
difference  of  heads  in  the  discharging  tank  gave  the  relative  cross  sec- 
tion of  the  tanks.  In  experiments  2-6  inclusive,  a  given  quantity  of 
water  was  used,  then  the  time  of  discharge  being  noted  and  the  quanti- 
ties above  noticed  being  measured,  we  have  all  the  necessary  data  for 
determining  the  co-efficients  of  discharge.  The  decimeter  was  used  as 
the  unit  of  measure. 

The  formulae  used  for  the  reductions  will  be  briefly  noticed  before  giv- 
ing the  tables  of  data  and  results.  The  so-called  theoretical  formula  for 
discharge  through  a  circular  orifice  in  a  thin  plate  is 

D  =  at  V2gh  (1) 

where  D  is  the  volume  of  discharge,  a  is  the  area  of  orifice,  t  is  the 
time  of  discharge,  g  is  the  force  of  gravity  and  h  is  the  constant  head. 
This  theoretical  value  of  D  is  too  large  and  it  has  been  shown  by  ex- 
periment that  we  must  multiply  the  second  term  of  equation  (1)  by  a  co- 
efficient of  contraction  Cc  =  0.631,  and  by  a  co-efficient  of  velocity  Cv  = 
0.975;  the  product  of  these  coefficients  is  the  co-efficient  of  discharge 
Cd  =  0.615,  hence  the  formula  used  in  practice  is 

D  =  0.615  a  t  \/2~gh  (3) 

If  instead  of  an  orifice  in  a  thin  plate  we  use  a  mouthpiece  of  the 
form  of  the  vena  contracta  we  eliminate  Cc  from  the  formula  and 
multiply  only  by  Cv.    If  the  orifice  is  submerged  we  have 

D  =  Cd  at  ^2g{h  —  h')  (3) 

7i  and  W  being  the  heads  in  the  discharging  and  receiving  tanks  respec- 
tively and  being  constant. 

If  the  tank  is  discharging  freely  without  receiving,  the  head  becomes 
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variable.  The  discharge  for  a  differential  time  is  represented  by  A  d  h — 
where  A  =  area  of  cross  section  of  tank — and  also  by  Cc  a  v  d  t — where 
V  is  the  velocity  per  second,  therefore 

A  d  h 


A  d  h  =  Cc  a  V  d  t  =  Cd  «   V2  g  h  d  t  or  dt  = ;rr=       which 

Cd  a    V2g  h 
integrated  between  limits  of  h  and  li^,  gives,  by  transposing 

Cd=~^^{V^-VK,)  (4) 

ta\/2g  .  „ 

This  is  the  formula  used  for  computing  the  co-efficient  of  discnarge  for 

the  first  experiment. 

Where  the  orifice  is  submerged  and  the  discharge  takes  place  freely 
from  a  discharging  to  a  receiving  tank,  the  effective  head  is  changing  by 
a  decrease  of  head  in  the  discharging  tank  and  an  increase  of  head  in  the 
receiving  tank.  If  h  and  h^  represent  respectively  the  beads  at  beginning 
and  end  of  observation  in  the  discharging  tank,  and  /I'and  h^'the  same  in 
the  receiving  tank,  the  effective  head  at  beginning  is  h  —  h'  and  at  end  is 

lit  —  h^'.     The  discharge  for  a  differential  time  is       

Adh  =  Bdh'=Ccadtv  =  Cdadt  Y  2  g  {h  —  h') 
where  B  =  area  of  cross  section  of  receiving  tank.     From  this  equation 
we  have  B  d  h' +  Bdh  _  Bdjh  —  h') 

A~+~B  ~        A-\-B 

by  substituting  above  and  transposing 

ABd  (h  —  N) 

~  {A  +  B)  Cda  \/2g{h  —  h') 
integrating  between  limits  of  (h  —  h')  and  {hi  —  hi')  and  transposing  we  get 

^^  =  (ATUf^^iTg  ^  ^''^^^^-  v"ft^^V)  (5) 

This  is  the  formula  used  for  computing  co-efficients  of  discharge  for 
experiments  2-6  inclusive. 

EXPERIMENT  NO.    1. 

No.  of  obs.  t'  —  f. 

m.      s. 

8 1    03 

9  1    02M 

10 1    OSH 


No.  of  obs.  t'—t. 

m.      s. 

1 1    031^ 

2 1    03 

3 1    03% 

4 1    03 

5 1    03 

6 1    0314 

7 1     031^ 


63.25 


11 1    03 

13  1    03 

it::: i  03 

14 1  03X 

15 1  02% 

16 1  02% 

17  I  03X 

18 1  02% 

19 1  02>i 

20 1  02K 

62.904 

Remarks.— The  figure  show?  a  section  through  the  plate  containing  the 
orifice  used  in  this  experiment.  It  shows  the  diam.  (0)  of  the  orifice, 
natural  size,  and  also  gives  the  form  of  the  orifice. 

When  these  obs.  were  made  the  tanks  were  leaking,  and  the  eorrec^on 
for  leakage  for  obs.  1-7  inclusive,  is  different  from  the  subsequent  obs., 
and  hence  in  the  computations  they  are  worked  up  separately,  t  —  time 
at  beginning  and  t'  =  time  at  end  of  observation. 

After  applying  all  corrections,  the  following  values  for  quantities 
entering  the  formula  were  found:  ,         ^  ^^  ^-.^ 

Kor  obs.    1-7,  t'  —  t  =  63.25  sec. ;  h  =  10.00775  dec. ;  hi  =  8.01475; 
a  =  0.0070882  sq.  dec. ;  A  ~  8.95034  sq.  dec. ;  gr  =  98.0213  dec. 

For  obs.  8-20,  same    as  above,  except  t'  —  t   =  62.904  sec,  and 
h  -  8.01175  dec. 
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EXPERIMENT  NO.    2. 


No.  of  obs. 


t'  —  f. 

m.    s. 


09 

08% 
08K 

08 1.; 

08  " 
08 


No.  of  obs. 


7. 

8. 

9. 

10, 


t 

—  t 

n 
1 

1 
1 
1 

1.     s. 
083^ 
083^ 
083^ 
08K 

Mean .68.45  sec. 


Remarks. — The  same  orifice  is  used  here  as  in  Experiment  No.  1,  but  it  is  here 
submerged. 

The  values  to  be  substituted  in  the  formula  for  this  case  are  as  follows  (all  neces 
sary  corrections  having  been  applied) : 

f   t'  —  t  =  68.45;  h  =  9.98625;  7i,  =  8.01575;  h'  =  0.84625;  h^'  =  1.81125;  a  = 
0.0070882;  A  =  8.98274;  B  =  18.43556;  g  =  98.0213. 

EXPERIMENT   NO.  3. 


t'  —  t 

No.  of  obs.  m .  s. 

1 0  36 

2 0  2.T-4 

3 0  36 

4 0  37 

5 0  36 

6 0  37 


'^\ 


2- 


Means 36.58 

1 0  36 

2 0  363/2^ 

3 0  363^ 

4 0  373^ 

5 0  .85% 

6 0  363^ 

Means 36.5 

f     1 0  38% 

I      2 0  38 

I      3 0  383^ 

1-;      4 0  38>^ 

I      5 0  38 

I      6 0  39 

t     7 0  393-^ 

Means 38.6 


Manom- 

Manom- 

eter r'dg 

eter  r'dg 

at  time  t. 

at  time  t'. 

dec. 

dec. 

1.97 

1.30 

1.95 

1.10 

1.85 

1.30 

1.80 

1.05 

1.80 

1.30 

1.90 

1.28 

1.878 

1.223 

1.80 

1.07 

1.73 

1.18 

1.77 

1.22 

1.65 

1.10 

1.80 

1.10 

1.75 

1.20 

1.75 

1.145 

1.55 

1.00 

1.40 

0.95 

1.45 

0.90 

1.45 

1.05 

1.50 

1.00 

1.40 

1.00 

1.40 

0.93 

1.45 

0.976 

Fig.  2. 


Remarks.— Th\&  figure  gives  a  section  through  the  axis  of  the  ajutage  used  in  this 
experiment.  It  is  composed  of  3  joints  of  equal  length,  which  may  be  screwed 
together  and  attached  to  the  mouthpiece  (a).  The  mouthpiece  is  the  same  as 
used  in  Ex.  1.  Joint  1  was  used  alone  with  mouthpiece,  when  set  1  of  obs.  were 
taken  ;  joints  1  and  2,  when  set  2  was  taken,  and  all  three,  when  set  three  was 
taken.     The  ajutage  is  drawn  to  scale  one-half. 


EXPERIMENTS  WITH  SUBMERGED  ADJUTAGES. 


393 


1^ 


The  values  of  quantities  entering  the  formula  for  this  experinaent  are  as  fol- 
lows : 

t'  —  t  =  values  shown  in  means  for  the  different  sets  of  obs.  h  =  10.00775  ;  ftj 
=  8.01575  ;  h'  =  0.84055  ;  h/  =  1.81125  ;  A  =  8.98374  ;B=  18.43556  ;  a  ~ 
0.0070882  ;  g  -  98.0213. 

EXPERIMENT    NO.    4. 

No.  obs.  t'—t 

m.    s. 

r     1 0    43>^ 

'      2 0    A2% 

3 0    42% 

4 0  43)^ 

5 0  4314 

6 0  43 

Means 43.04 

1 0  37 

2 0  361^ 

3 0  35% 

4 0  36% 

5 0  36% 

6 0  37K 

Means 36.71 

1 0  35% 

2 0  34% 

3 0  341^ 

4 0  35 

5 0  35 

6 0  351^ 

Means 35.04 


3^ 


3^ 


Manometer 

Manometer 

r'dg  at  time  t 

rVlg  at  time  I' 

dec. 

dec. 

0.770 

0.510 

0.765 

0.520 

0.760 

0.520 

.  0.770 

0.540 

0.765 

0515 

0.765 

0.510 

0.766 

0.519 

1.37 

0.87 

1.53 

G.83 

1.40 

0.92 

1.42 

0.82 

1.43 

0.97 

1.37 

0.92 

1.42 

0.888 

1.65 

0.97 

1.62 

1.09 

1.55 

1.07 

1.55 

1.10 

1.62 

1.02 

1.62 

1.12 

1.602 

1.06 

Fig.  3. 


Remarks. — The  figure  shows  section  of  ajutage  used  in  this  experiment.  It 
was  used  in  the  same  way  as  the  ajutage  in  Ex.  3. 

The  values  of  quantities  entering  the  formula  are  the  same  as  in  Ex.  3,  except 
the  if,' —  O's,  which  are  shown  for  the  different  sets  in  the  means. 

EXPERIMENT  NO.  5. 


No.  obs. 

1 


1^ 

I 

I 

' 

2- 


Means. 


1.... 
2... 

3 

4.... 

5 

6.... 


t 

ra. 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 


Means. 


—t 
.    s. 

35 

34% 

35 

34% 

34>^ 

35 

34.83 

31K 

323^ 

32% 

321^ 

32% 

32 

32.25 


Manometer 

Manometer 

at  time  t. 

at  time  t'. 

dec. 

dec. 

1.94 

1.36 

1.91 

1.31 

1.89 

1.31 

1.84 

1»36 

1.94 

1.36 

1.92 

1.36 

1.91 

1.34 

2.51 

1.65 

2.51 

1.65 

2.54 

1.65 

2.41 

1.60 

2.46 

1.55 

2.54 

1.75 

2.495 

164 
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EXPERIMENT  NO.  5.     (Continued.) 


4^ 


1 0  32 

2 0  311^ 

3 0  311^ 

4 0  311^ 

5 0  31 

6 0  32 


Means. 


31.54 

1 0  S\% 

2 0  32 

3 0  313^ 

4 0  30% 

5 0  311^ 

6 0  30% 

Means 31.33 

1 0  31>< 

2 0  31X 

3 0  31 

4 0  313^ 

5 0  311^ 

6 0  30% 

Means 31.25 


2.70 

2.72 

2.65 

2.57 

2.62 

2.47 

2.62 

2.82 

2.97 

2.92 

2.83 

2.77 

3.00 

2.885 

2.85 

2.60 

2.87 

2.80 

2.75 

2.95 

2.803 


91 
91 
86 
89 
86 
81 
87 
90 

1.90 

1. 

1. 

1. 

1. 

1. 

1. 

1. 


.83 
.92 
.95 
.87 
.895 
.85 
.80 
1.97 
1.80 
2.07 
2.06 
1.925 


Remarks. — This  figure  shows  a  section  of  the  ajutage  used  in  Ex.  5.    Scale  3^ 
Joint  1  used  when  set  1  was  taken,  joints  1  and  2  when  set  2  was  taken,  etc. 
The  value  of  quantities  entering  the  formula  are  same  as  in  Ex.  3,  except  {t'-tys. 

EXPERIMENT  NO.   6. 

Manometer  Manometer 

No.  obs.                                 t'  —  t.  r'dg  at  time  t.  r'dg  at  time  t/ 

m.     s.  dec.  dec. 

1  0    48  0.72  0.53 

2 0    47%  0.68  0.50 

3 0    49  0.70  0.46 

4 0    47%  0.69  0.49 

5 0    47%  0.70  0.49 

6 0    49  0.70  0.47 

Means 48.21  0.698  0.49 

Remarks. — The  figure  shows  an  approximate  section  of  the  ajutage  used  in  this 
experiment.    The  value  of  a  in  this  experiment  is  different  from  the  value  in  pre- 


vious experiments,  viz.,  a  =  .00695194.    The  other  quantities  entering  the  for- 
jnula  are. the  same  as  in  previous  experiments,  except  t^  —  t. 
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From  the  above  data,  computing  by  (eq.  4)  for  first  experiment,  and 
(eq.  5)  for  the  other  experiments,  we  get  the  following  co-efficients  ; 

First  experiment,  C^  =  0.953 

Second  experiment,  C^  =  0.945 

^  Set  1,  C^  =  1.693 

Third  experiment,  -     "  2,  "    =1.790 

I     "  3,  "    =  1.786 

,  Set  1,  Cj^  =  1.518 

Fourth  experiment, -J    "  3,  "    =  1.780 

(    "  3,  "  •  =  1.865 

(-Setl,  C^i  =  1.876 
I  "  3,  "  =  2.026 
Fifth  experiment, -{  ''3,"  =3.073 
I  "  4,  "  =  3.086 
l^    "  5,  "    =  3.091 

Sixth  experiment,  C^  =  1.383  « 

Having  determined  the  co-efficients  of  discharge  for  the  mouthpiece 
and  for  the  ajutages,  and  having  manometer  readings  at  beginning  and 
end  of  each  observation,  we  can  determine  whether  the  increased  dis- 
charge is  accounted  for  by  the  measured  decreased  pressure  on  the  inner 
walls  of  the  ajutage.  We  do  this  by  computing  the  discharge  for  one 
second  of  time  through  the  simple  mouthpieee,  submerged,  assuming 
the  head  to  be  constant  and  equal  to  the  actual  head  at  time  of  manom- 
eter reading  plus  the  "added  head"  (found  by  reducing  the  manometer 
reading  to  a  water  equivalent),  and  comparing  the  result  with  the  com- 
puted discharge  through  the  ajutage  for  one  second  of  time,  assuming 
the  head  to  be  constant  and  equal  to  the  actual  head  at  time  of  manometer 
reading. 

For  the  first  case  the  discharge  per  second  for  beginning  of  observa- 
tion 

=  Di  =  Cd  a  i/2  g  (h  —  h'  +  manometer     reading    reduced    to    water 

equivalent 

and  for  end  of  obs.  = 

di  =  Cd  CL  V  ^  9  (^1  —  ^^\  +  manometer     reading     reduced    to    water 

equivalent. 
Cd  in  this  case  =  0.945. 

For  the  second  case  we  have  the  discharge  per  second  for  beginning  of 
observation  = 

D  =  Cd  aV  3  g  {h  —  hf) 
and  for  end  of  obs.  = 


d  =  Cd  a  V  2  g  {h^  —  h\). 

Cd  in  this  case  being  the  co-efficient  corresponding  to  the  ajutage  used. 

If  the  increased  discharge  is  accounted  for  entirely  by  the  measured 
decreased  pressure  on  the  inner  walls  of  the  ajutage  we  would  have  very 
nearly  D  —  D^  and  d  =  d^,  I  say  very  nearly  because  we  would  expect 
that  the  friction  in  the  tubes  connecting  with  the  manometer  would 
generally  be  greater  than  in  the  ajutage  (the  tubes  being  several  feet  in 
length)  and  hence  make  D^  and  d-^  slightly  less  than  D  and  d  respective- 
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ly.     The  tables  below  giving  the  values  of  D^,  D,  d^  and  d  show  that 
this  is  usually  the  case. 


THIRD  EXPERIMENT. 


Setl 


Seta 


Set  3 


d 

^^ 

]  d 

[d, 

(D 

d 
di 


=  0.509  cu. 
=  0.504 
=  0.419 
=  0.414 
=  0.538 
=  0.537 
=  0.443 
=  0.438 
=  0.537 
=  0.553 
=  0.442 
=  0.448 


dec. 


FIFTH     EXPERIMENT. 


FOURTH    EXPERIMENT. 


Set  1 


Set  2 


Set  3  J 


j  d 

d 

D 

.  D^ 
\  d 


-  0.456 
=  0.415 
^  0.375 
=  0.343 
=  0.535 
=  0.500 
=  0.440 
=  0.401 
=  0.560 
=  0.538 
=  0.461 
=  0.436 


cu.  dec. 


J  A 

I  d 

{D 

J  A 

1  d 

\D 

]  d 
[d, 

[^ 
Set4->J^ 


dec. 


Setl 


Set  3 


Set  3 


Set  5  j  J' 

1^1 


SIXTH 

D   = 

d    = 
d,  = 


=  0.564  cu. 
=  0.556 
=  0.464        " 
=  0  464 
=  0.609 
=  0.616        " 
=  0.501 
=  0.501 
=  0.633        " 
=  0.636 
=  0.513 
=  0.587        «' 
=  0.637 
=  0.653 
=  0.516 
=  0.530        *' 
=  0.638        " 
=  0.645 
=  0.517 
=  0.534 

EXPERIMENT, 
0.407. 

0.397. 
0.335. 
0.330. 


Referring  to  our  table  of  co-efficients  we  notice  that  the  simple  mouth 
piece  has  a  slightly  smaller  co-efficient  when  submerged  than  when  not. 
This  may  be  due  either  to  a  change  of  the  co-efficient  of  velocity  or  of 
contraction.  The  ajutage  used  in  third  experiment  has  a  much  larger  co- 
efficient. By  comparing  the  co-efficients  of  set  1  nnd  set  2  we  see  that 
the  length  for  maximum  discharge  was  passed,  it  probably  being  between 
the  lengths  used  in  these  sets.  The  diameter  of  the  outer  end  of  section 
3  of  this  ajutage  is  smaller  than  at  a  point  between  its  ends,  and  hence  a 
back  pressure  obtains  which  tends  to  reduce  the  co -efficient. 

The  ajutagf^  used  in  fourth  experiment  has  smaller  co  efficients  for  Sec- 
tions 1  and  2  and  larger  for  Section  3  than  the  above.  The  length  which 
would  give  a  maximum  discharge  was  evidently  not  reached.  The 
conical  ajutage  used  in  fifth  experiment  has  much  larger  co-efficients  than 
the  previous  ones.  It  is  probable  that  the  length  which  would  give  a 
maximum  discharge  was  not  reached  ;  it  is  also  probable  that  the  co- 
efficient found  for  Sections  3,  4  and  5  of  this  ajutage  are  slightly  smaller 
than  the  true  values,  owing  to  counter  currents  from  the  side  of  the  re- 
ceiving tank.  An  element  of  the  conical  surface  of  this  ajutage  makes 
an  angle  of  about  5°  25'  with  the  axis  and  the  greatest  length  used  in  the 
experiment,  about  27  times  the  diameter  of  the  orifice. 

The  ajutage  used  in  the  sixth  experiment  does  not  have  as  large  a  co- 
efficient as  was  expected  to  be  found,  due  apparently  to  counter  currents 
in  the  ajutage,  caused  partly  by  the  impact  of  the  jet  against  the  front 
surface  and  partly  by  the  impact  against  the  three  separators  used  for 
connecting  the  two  parts  of  the  ajutage. 

The  greatest  co-efficient  found  (that  for  the  conical  ajutage  of  five  sec- 
tions) is  2.2  times  as  great  as  for  the  simple  mouthpiece  submerged  and 
3.4  times  as  great  as  for  an  orifice  in  a  thin  plate.     By  arranging  an  over- 


SIZE  OF  A  FIELD  PARTY.  397 

flovr  receiving  tank  that  will  just  keep  this  ajutage  and  mouthpiece  sub- 
merged, we  can  take  nearly  8.4  times  as  much  water  in  a  given  time  from 
a  tank  than  by  using  a  simple  orifice  of  same  area — providing  the  head  is 
large  in  comparison  with  the  diameter  of  the  ajutage,  and  is  somewhat 
less  than  the  equivalent  of  one  atmosphere. 

Comparing  the  values  of  D  with  D^  and  of  d  with  dj,  we  see  that  in 
the  majority  of  cases  D  >  D^  and  d>  cZ^,  as  was  anticipated  ;  but  in 
third  experiment,  set  3,  D^  >  D  and  d^  >  d,  and  in  fifth  experiment,  set 
2,  Di  >  D  and  sets  3,  4  and  o  D^  >  D  and  cZi  >  d.  In  third  experiment 
this  is  probably  due  to  the  back  pressure  caused  by  decrease  in  diameter 
of  ajutage  at  the  outer  end,  and  in  fifth  experiment  the  countercur- 
rents  above  spoken  of  may  have  been  the  cause  by  giving  the  equivalent 
of  a  greater  friction  in  the  ajutage  than  in  the  manometer  and  rubber 
tubes. 

The  results  show  that  the  manometer  recorded  quite  closely  the  differ- 
ence of  pressure  on  the  outer  and  inner  walls  of  the  ajutages,  and  that 
this  difference  fully  accounts  for  the  increased  flow. 
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By  a.  M.  Van  Auken,  Member  of  the  Western  Society  of  Engineers. 

[Read  September  6,  1887.] 


About  a  year  ago  Mr.  A.  W.  Wright  read  a  brief  paper  on  the  size  of  a 
field  party  for  location,  which  I  had  hoped  to  see  discussed.  It  is  a  sub- 
ject with  which  I  am  not  very  familiar,  my  whole  experience  as  locating 
engineer  consisting  in  the  running  of  a  single  line  in  the  timbered  coun- 
try of  Northern  Wisconsin.  It  was  a  preliminary  run  with  a  compass, 
and  the  party  was  as  follows  : 

Chief  of  party,  who  was  also  explorer  ;  transitman,  two  chain  men, 
tind  three  axemen  ;  levelman,  who  also  took  topography,  and  rod  man  ; 
cook. 

The  provisions  were  all  packed  in  on  men's  backs,  and  any  possible 
reduction  in  number  of  the  party  was  desirable,  as  saving  cost  of  getting 
in  provisions.  After  settled  cold  weather  of  winter  set  in  we  left  our 
tents  behind  to  save  on  moving  day.  When  a  man  is  not  in  danger  of 
getting  wet  he  will  not  suffer  in  open  air.  Making  profile  was  somewhat 
troublesome,  but  we  got  it  done,  and  the  absence  of  camp  stoves  and 
tents  on  moving  day  was  a  relief. 

Three  men  were  all  we  could  work  to  advantage  in  chopping,  an 
increase  led  to  a  wider  line  of  clearing  with  no  gain  in  progress.  The 
chainmen  and  rodman  changed  off  with  disabled  choppers.  Hind 
cbainman  made,  marked  and  carried  stakes.  Head  chain  man  was  also 
head  flagman,  kept  choppers  in  line  and  selected  points.  Rodman  made 
and  marked  all  benches,  kept  a  "  peg-book"  with  readings  on  all  turning 
points,  and  did  the  necessary  extra  clearing  for  levels.  As  the  country 
was  reasonably  level  and  the  compass  party  could  not  average  over  1^^ 
miles  per  day,  it  gave  the  levelman  time  to  take  topography,  and  with 
assistance  of  the  rodman  pace  in  all  section  corners.     Pacing  is  abund- 
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antly  accurate  for  a  preliminary  line,  and  a  careful  man  with  practice 
can  pace  mile  after  mile  without  varying  over  fifty  feet  in  any  case.  I 
have  paced  three  consecutive  miles  over  fairly  rough  country,  finding 
two  section  corners  burned  and  coming  out  within  thirty  feet  of  the  tree 
at  the  third. 

Three  men  constituted  the  pack  train.  The  moving  of  camp  was  done 
by  the  party,  and  every  man,  chief  of  party,  compassman,  levelman  and 
cook  included,  took  a  load  the  first  trip,  and  as  many  as  were  needed 
went  back  for  a  second  load. 

It  is  the  opinion  of  the  writer  that  altogether  too  much  attention  is  usu- 
ally paid  on  preliminaries  to  precise  instrumental  work.  He  recalls  an  in- 
stance in  Eastern  Nebraska,  where  a  most  wretched  line  in  an  easy  coun- 
try was  run  by  a  full  party  in  charge  of  a  man  who  had  recently  been  on 
river  work  for  the  United  States  Army  ;  instrument  men  were  both 
recent  graduates.  Preliminary  was  run  from  A.  to  G. ,  and  after  a  short 
wait  the  party  started  at  G.  and  located  back  to  A.  I  was  told  that  on 
arrival  at  A.  the  alignment  checked  to  0°  06'  and  the  levels  to  0.07  feet. 
This  entire  party  were  faithful  and  believed  they  were  doing  good  work  ; 
yet  how  much  better  for  the  company  building  had  the  line  been  well 
laid  on  the  ground  and  the  notes  of  the  two  lines  widely  at  variance  ? 

As  to  instruments  and  tools  :  I  would  take  on  such  work  a  compass, 
with  open  sights,  and  a  good  needle,  the  larger  the  circle  the  closer  can 
needle  be  read.  For  a  level  I  should  choose  a  light  one,  and  a  self-reading 
rod.  On  the  line  mentioned  the  rod  was  pine,  twelve  feet  long,  with  feet 
and  tenths  marked  in  black  on  white  ground.  The  Chicago,  Milwaukee  & 
St.  Paul  at  one  time  furnished  a  rod  about  IJ  inches  square,  marked  aa 
above,  but  made  of  maple  and  supplied  with  a  target  with  vernier  read- 
ing to  hundredths.     It  was  very  convenient. 

I  would  choose  a  chain  with  brazed  links,  soft  enough  not  to  break 
easily  on  a  cold  morning,  and  heavy  and  hard  enough  so  as  not  to  give 
too  much  trouble  from  bending.  Always  carry  a  roll  of  copper  wire 
with  you  for  mending  chains,  tripod  legs,  etc. 
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BOSTON  SOCIETY  OF  CIVIL  ENGINEERS. 


September  21,  1887  :— A  regular  meeting  of  the  Boston  Society  of  Civil  Engi- 
neers was  held  at  Room  27,  Boston  &  Albany  Station,  Boston.  The  meeting  was 
called  to  order  at  7 :45  p.  m.    Twenty-seven  Members  and  two  visitors  present. 

In  the  absence  of  both  the  President  and  the  Vice-President,  Mr.  FitzU-erald  was 
elected  President  pro  tern . 

The  record  of  the  last  meeting  was  read  and  approved. 

Vice-President  Stearns  then  assumed  the  chair.  Messrs.  Lucian  A.  Tajior  and 
Erastus  Worthington,  Jr.,  were  elected  Members  of  the  Society. 

The  following  were  proposed  for  membership  :  Mr.  Phinehas  Ball  of  "Worcester, 
recommended  by  A.  F.  Noyes  and  E.  L.  Brown  ;  and  Mr.  Lyman  L.  Gerry  of 
Stoneham,  recommended  by  A.  F.  Noyes  and  A.  S.  Glover. 

Prof.  Chaplin  presented  tbe  address  of  the  Board  of  Managers,  asking  for  the 
appointment  of  delegates  to  a  convention  of  engineering  societies  (see  May,  1887, 
number  of  Journal),  and  moved  that  the  President  be  authorized  to  appoint 
delegates  to  attend  the  convention  whenever  it  should  be  called  by  the  Board  of 
Managers . 

After  an  explanation  by  Prof.  Chaplin  of  the  object  desired  by  the  Board  of 
Managers,  and  a  discussion  in  which  Messrs.  Allen,  Brooks,  Chaplin,  FitzGerald, 
Folsom,  Howe  and  Stearns  took  part,  the  motion  was  withdrawn.  Then,  on 
motion  of  Prof.  Chaplin,  the  address  was  referred  to  the  Government,  to  report 
at  the  next  meeting. 

Mr.  Frank  W.  Hodgdon  read  a  paper  entitled  "  Methods  Used  in  Filling  a  Portion 
of  South  Boston  Flats." 

Mr.  C.  W.  Folsom  exhibited  a  plan  showing  the  location  of  a  washout  which 
occurred  on  the  Boston  &  Lowell  Raih'oad,  near  Arlington,  Mass. 

i Adjourned.}  S.  E.  Tinkham,  Secretary. 


WESTERN  SOCIETY  OF  ENGINEERS. 


September  6, 1887  :— The  239th  meeting  was  held  at  8  p.  m.,  President  Arting- 
stall  in  the  chair. 

The  minutes  of  the  preceding  meeting  were  read  and  approved. 

Mr.  Moritz  Lassig,  bridge  builder,  534  Garfield  avenue,  Chicago,  and  Mr. 
George  H.  Brenner,  Assistant  Engineer,  West  Iowa  Division  C,  B.  &  Q.  R.  R. 
Red  Oak,  Iowa,  were  proposed  as  Members. 

Mr.  William  A.  Lydon,  Assistant  Engineer  Drainage  and  Water  Supply  Com- 
mission, City  Hall,  Chicago,  was  elected  a  Member. 

Two  papers  were  read  and  discussed :  The  Municipal  Engineer  and  the  Manage- 
ment of  his  Office,  by  Mr.  Schreiner  ;  and  Size  of  a  Field  Party,  by  Mr.  Van 
Auk  en. 

iAdjourned.}  L.  P.  Morehouse,  Secretary. 
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CIVIL  ENGINEERS'  CLUB  OF  CLEVELAND. 


May  10,  1887  :— Regular  meeting  held,  President  Whitelaw  in  the  chair.  The 
minutes  of  the  last  meeting  were  read  and  approved. 

On  motion,  the  President  was  authorized  to  appomt  a  committee  to  arrange  for 
a  fitting  testimonial  to  past  President  J.  F.  Halloway,  before  his  departure  from 
the  city. 

On  motion,  the  Chair  was  authorized  to  appomt  a  committee  of  three  to  report 
upon  the  advisability  of  amending  the  constitution  and  by-laws  of  the  Club. 

The  Committee  on  Membership  submitted  a  list  of  Members  who  are  one,  two  or 
three  years  in  arrears  for  annuii  dues,  and  asked  that  action  be  taken  thereon  by 
the  Club.  A  resolution  was  adopted  directing  that  all  Members  who  are  more 
than  two  years  in  arrears  be  stricken  from  the  rolls. 

Mr.  George  E.  Hartnell  was  elected  an  active  Member  of  the  Club. 

Mr.  C.  P.  Leland  read  a  paper  entitled  "  A  History  of  the  Lake  Shore  &  Michi- 
gan Southern  Railway." 

On  motion,  the  Committee  on  Library  and  Publication  was  instructed  to  prepare 
and  publish  the  Club  calendar  containing  a  list  of  Members  in  form  for  pocket 
use. 

The  Chair  appointed  Messrs.  W.   H.  Searles,  M.  E.  Rawson,  and  A.  Mordecai 
as  the  Committee  on  Revision  of  Coustitution  and  By-Laws,  and  Messrs.  E.  H. 
Jones,  M.  W.  Kingsley,  C.  P.  Leland,  John  Eisenmann,  H.  M.  Ciaflin,  and  W.  P. 
Rice  a  Committee  on  Testimonial. 

[Adjourned.]  Clarence  M.  Barber,^ 

Recording  Secretary. 

June  14,  1887  :— Regular  meeting  held.  President  Whitelaw  in  the  chair. 
The  minutes  of  the  last  meeting  were  read  and  approved. 

The  Committee  of  Revision  of  the  Constitution  and  By-Laws,  through  it 
chairman,  W.  H.  Searles,  reported,  recommending  that  a  committee  of  seven  be 
appointed  to  revise  the  coasti  ution  and  by-laws  of  the  Club;  report  adopted,  and 
the  following  perious  were  appointed  as  such  committee  :  W.  H.  Searles,  A. 
Mordecai,  John  Eisenmann,  M.  E.  Rawson,  W.  P.  Rice,  Ambrose  Swasey,  and  C. 
M.Barber.  The  Secretary  reported  "the  receipt  of  the  following  pablications  : 
"  Trautwiue's  Civil  Engineer's  Pocket-Book,"'  from  J.  C.  Trautwine,  Jr. ;  "  Pro- 
ceedings of  the  Southern  Society  of  Civil  Engineers,"  "  Flyers,"  from  the  Engi- 
neers'Society  of  Western  Penus5ivania  :  "  The  Annual  Report  of  the  Philadel- 
phia Natural  Gas  Company,"  by  Charles  Paine,  and  selected  papers  from  the 
Rensselaer  Society. 

Mr.  C.  F.  Schultz  was  elected  an  active  Member  of  the  Club.  Mr.  J.  N.  Stock- 
well  read  a  paper  entitled,  "  The  Use  of  the  PI orizontal  Telescope  for  Determining 
Differences  of  Latitude  and  Longitude."    A  discussion  followed. 

lAdjoxvnied.l  Clarence  M.  Barber, 


Recording  Secretary. 

July  12,  1887  :— Regular  meeting  held,  President  Whitelaw  in  the  chair. 
Minutes  of  the  last  meeting  were  read  and  approved. 

Mr.  E.  H.  Jones,  Chairman  of  the  Committee  oa  Testimonial  Banquet  to  Mr. 
Holloway,  reported  a  balance  of  money  left  on  hand  after  the  banquet,  and  made 
a  motion  that  a  committee  be  appointed  to  prepare  and  present  proper  resolutions 
of  respect  for  Mr.  Holloway,  and  that  the  balance  of  money  on  hand  be  used  to 
pay  for  engrossing  such  resolutions.     Motion  carried. 

The  President  called  attention  to  tbe  portrait  of  Mr.  Holloway  which  had  been 
presented  to  the  Club. 

Mr.  Charles  Latimer  read  a  j^aper  entitled  "  Civil  Engineering  and  Surveying," 
which  was  followed  by  discussion. 


PROCEEDINGS.  401 

The  Secretary  announced  the  following  publications  as  having  been  received  : 
*'  Wellington's  Railway  Location,"  from  the  author  ;  "  The  International  Stand- 
ard," "  Transactions  of  the  American  Society  of  Civil  Engineers."  Hoyers  from 
the  Western  Society  of  Western  Pennsylvania, 

A  letter  was  received  containing  the  resignation  of  Wm.  M.  Wood. 

The  President  announced  the  Committee  on  Resolutions  of  Respect  to  Mr.  Hal- 
loway  as  follows  :  Chas.  Latimer,  E.  H.  Jones,  W.  H.  Searles,  John  Walker  and 
H.  M.  Claflin. 

lAdjoumed.l  Clarence  M.  Barber. 

Recording  Secretary. 

August  9  :— Regular  meeting  held,  President  Whitalaw  in  the  chair.  In  the 
absence  of  the  Recording  Secretary,  Mr.  J.  Ritchie  was  appointed  Secretary  pro 
tem.    The  minutes  of  the  last  meeting  were  read  and  approved. 

Mr.  G.  R.  Hardy,  Assistant  Chief  Eagineer  of  the  L,  S.  &  M.  S.  R.  R.  was 
elected  an  active  Member  of  the  Club. 

Upon  the  recommendation  of  the  Committee  on  Membership,  the  resignation  of 
Mr.  W.  M.  Wood  was  accepted. 

Mr.  J.  H.  Sargent  read  a  paper  entitled  "  A  History  of  Railroads  between 
Cleveland  and  Chicago." 

Mr.  H.  C.  Thompson  read  a  paper  on  "A  Method  of  Building  a  Second  Track 
for  Single  Track  Railroads."  After  discussion,  the  President  stated  that  two  vol- 
umes of  a  French  publication  on  Hydraulic  Machinery  had  been  received  by  the 
Club  from  some  unknown  source. 

[Adjourned.']  James  Ritchie, 

Rec.  S:c.  2J>'o  tem. 

Sept^  13, 1887  :— Regular  meeting  held.  President  Whitelaw  in  the  chair.  The 
minutes  of  the  last  meeting  were  read  and  approved. 

Mr.  John  Walker  gave  a  brief  description,  with  illustrations,  of  a  "  New  Method 
of  Heating  and  Ventilating:  Workshops,"  as  adopted  at  the  Walker  Manufacturing 
Company's  works  in  this  city.  The  method  and  advantages  were  discussed  by  the 
Members.  By  request  of  Mr.  Walker,  Mr.  Julius  Roemmele  explained  his  method 
of  using  his  patent  key- way  gauges,  and  requested  the  opinion  of  the  Members  as 
to  its  advantages,  etc.     After  discussion  of  the  subject,  the  Club  adjourned. 

James  Ritchie,  Rec.  Sec'y  pro  tem. 


ENGINEERS'  CLUB  OF  MINNESOTA. 


September  9,  1887:— A  regular  meeting  was  held  at  the  City  Hall,  7:30  p.  m, 
Present,  President  Sublette,  Messrs.  C.  D.  Redfield,  Wm.  R.  Hoag,  John  Barr. 
F.  C.  Deterby,  G.  S.  Houston,  Fred  Kees,  and  W.  S.  Pardee.  Visitors,  Messrs. 
S.  Starkey,  and  Wilson,  of  St.  Paul  Club. 

The  minutes  of  the  last  meeting  were  read  and  approved. 

Mr.  G.  S.  Houston  reported  for  the  committee  on  making  excursion  arrange- 
ments with  the  St.  Paul  C.  E.  Club,  that  he  had  conferred  with  the  committee  of 
the  latter  Club,  and  conditional  terms  had  been  made  with  the  railroads. 

On  motion,  the  Club  appointed  the  25th  inst.  as  the  day  for  an  excursion  to  th« 
city  of  St.  Louis  via  Chicago.  Time  to  be  taken  in  each  city,  and  at  other  de- 
sirable places  to  investigate  engineering  and  other  instructive  works. 

The  Committee  on  Arrangement  were  instructed  to  attend  to  all  details  of  the 
excursion. 

On  motion  of  Mr.  Houston  an  invitation  to  attend  the  Minneapolis  Exposition 
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was  extended  to  the  St.  Paul  Civil  Engineers'  Club.  Time,  Thursday,  the  15th 
inst. ,  at  8  p.  m.  The  invitations  were  ordered  printed  and  mailed  to  the  Secretary 
of  the  St.  Paul  Club. 

Mr.  Fred.  G.  Corsar  was  elected  to  membership  in  the  Club,  and  the  names  of 
A.  H.  Lenton,  George  M.  Goodwin,  Horace  H.  Horton,  George  E.  King  were  pro- 
posed for  membership,  certified  to  by  G.  N.  Sublette  and  G.  S.  Houston. 

Messrs.  Redfield  and  Kees  were  appointed  a  committee  to  escort  the  visiting 
members  of  the  St.  Paul  Club  about  the  city. 

The  literary  exercises  were  begun  by  the  reading  of  Mr.  J.  R'ggs'  discussion  on 
President  Sublette's  paper,  "  Railroad  Legislation."  The  Club  then  took  part  in  a 
general  discussion  of  the  paper. 

Mr.  J.  Rigby  gave  notice  that  he  would  read  a  paper  on  Light  and  Gas  at  the 
next  regular  meeting. 

[Adjoiirned.'l  Walter  S.  Pardee,  Secretary. 
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PLAN     OF     THE     NORTH     ABUTMENT     FOR    A    BRIDGE     OVER    THE     COCHECO     RIVER,     BOSTON     i     MAINF     RAILROAD. 
Edward  S,  Fhh^PRIOk,  Engineer,  1884. 


Editors  reprinting  articles  from  this  journal  are 
requested  to  credit  both  the  Journal  and  the 
Society  before  which  such  articles  were  read. 
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for  statements  or  opinions  of  any  of  its  members. 

THE  LAND-SLIDE  OF  MAY  1,  1884,  ON  THE   BOSTON   &   MAINE 
RAILROAD,  NEAR  DOVER  STATION. 


By  Edwabd  S.  Philbrick,  Member  of  the  Boston  Society  of  Civil 

Engineers. 
[Read  June  15,  1887.] 


The  line  of  the  Boston  &  Maine  Raih-oad  crosses  the  Cocheco  River  a 
few  hundred  feet  west  of  Dover  station  and  a  short  distance  above  the 
dam  of  the  Cocheco  Manufacturing  Company.  The  stream,  or  rather 
mill-j)ond,  is  about  140  feet  wide  at  the  point  of  crossing.  The  bottom  is 
composed  of  a  soft  mud,  resting  on  a  soft  clay,  with  a  sub-stratum  of 
stony  gravel  at  a  depth  of  35  feet  below  low  water  on  the  west  bank  to 
42  feet  on  the  east  bank.  The  extreme  range  of  the  water  level  in  the 
pond  during  the  year  1883  was  six  feet.  The  greatest  depth  of  water  was 
near  the  east  shore,  about  20  feet. 

The  western  or  right  bank  of  the  river  was  a  meadow  several  hundred 
feet  in  width,  and  but  slightly  elevated  above  high  water.  Over  this 
meadow  the  railroad  had  been  constructed  many  years  before,  by  an 
embankment  about  30  feet  high.  The  left  or  eastern  bank  rose  in  a  steep 
natural  bluff  from  near  the  water's  edge  to  the  grade  of  the  railroad.  It 
was  covered  with  grass  and  bushes,  with  scattered  trees.  At  the  top  of 
this  bluff  was  a  table  land,  on  which  the  city  of  Dover  is  located,  about 
34  feet  above  high  water  in  the  river.  Just  south  of  the  railroad  location, 
near  the  edge  of  the  bluff,  stood  a  large  ice-house.  The  table-land  at  the 
bluff  is  composed  of  alluvial  sand  for  a  depth  of  some  10  feet  below  the 
surface,  resting  on  a  stratum  of  blue  clay,  mixed  with  just  enough  very 
fine  sand  to  allow  water  to  soak  into  it  slowly,  with  horizontal  veins  of 
pure  sand  at  intervals,  carrying  water  freely  to  their  outcrop  on  the  face 
of  the  bluff,  where  the  water  appeared  in  springs. 

The  railroad  had  formerly  crossed  the  stream  on  a  wooden  truss  deck 
bridge  of  two  spans.    The  pier  in  the  river  had  been  built  on  a  wooden 
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crib,  resting  on  a  platform  of  timber.  It  was  composed  of  only  a  few- 
courses  of  stone  above  the  crib,  less  than  10  feet  high.  The  eastern  abut- 
ment had  been  located  on  the  face  of  the  slope,  perhaps  10  feet  above 
high  water,  on  a  timber  platform  in  the  clay.  This  structure  had  been 
giving  trouble  by  slipping  forward  on  its  clay  bed. 

The  old  bridge  was  worn  out  and  weak.  Plans  had  been  matured  in 
1883  for  rebuilding  it  for  a  double  track  with  a  single  span  of  about  150- 
feet,  placing  the  abutments  in  front  of  the  old  ones  and  dispensing  with 
the  pier.  During  the  winter  of  1883-4  a  temporary  trestle  was  built 
around  the  old  bridge,  so  the  work  could  be  prosecuted  without  the  in- 
cumbrance of  the  traffic.  The  new  work  was  put  under  contract,  the 
foundations  and  masonry  to  one  party  and  the  iron  superstructure  to 
another.  Early  in  the  spring  of  1884  the  foundation  piles  had  been  all 
driven  for  both  abutments,  and  workmen  were  beginning  to  cut  oflf  the 
pile-heads  to  apply  concrete  between  them.  As  a  preliminary  step  to  this 
operation  a  light  coffer  dam  was  constructed  all  around  the  foundation 
of  the  east  abutment  by  driving  sheet  piling  into  the  clay,  bracing 
across  the  pit  as  the  digging  progressed.  The  abutments  were  planned 
with  wings  nearly  on  the  same  plane  as  the  face,  stepping  down  to  con- 
form to  the  slope  of  the  embankment,  commonly  known  as  "spread  eagle'*^ 
wings.  The  piling  had  been  driven  from  45  to  50  feet  into  the  clay  and 
gravel.  Borings  had  been  made  by  driving  gas  pipe  and  forcing  out  the 
material  from  within  them  with  a  water  jet.  These  borings  showed  soft 
clay  in  strata  from  6  feet  to  16  feet  in  depth,  separated  by  veins  or  strata 
of  sand  from  1  foot  to  4  feet  in  thickness.  A  hard  gravel  or  rock  was 
met  54  feet  deep,  with  2  or  3  feet  of  stony  gravel  on  it.  When  digging 
between  the  pile-heads  the  last  day  of  April,  1884,  the  old  clay  slope 
above  showed  repeated  signs  of  instability,  cracking  off  and  sliding  down 
against  the  coffer  dam,  which  was  being  strongly  braced  across  the  pit  as 
the  digging  progressed.  The  excavation  for  10  feet  in  length  at  the 
north  end  of  the  northern  wing  was  about  done  and  some  of  the  piles 
had  been  cut  oft",  when  cracks  began  to  open  in  the  soil  on  the  top  of  the 
bluff  about  30  feet  back  from  the  top  of  the  slope  on  the  afternoon  of 
April  30.  At  noon  of  May  1,  a  freight  train  passed  over  the  trestle, 
immediately  after  which  the  whole  mass  outside  the  crack  began  to  sink, 
slowly,  steadily  and  perpendicularly,  till  it  had  settled  some  30  feet. 
One  man  who  was  standing  near  the  edge  of  the  bluff  went  down  with- 
out losing  his  bsilance,  holding  a  lot  of  books  under  his  arm.  There  were 
five  men  below,  who  had  just  dropped  their  tools  and  were  preparing  to 
go  to  dinner.  Hearing  shouts  from  above  four  of  them  ran  across  the 
moving  mass  and  escaped  unhurt,  though  the  soil  was  gliding  under 
them  "  like  the  platform  of  a  treadmill."  The  fifth  man  was  in  charge 
of  a  hoisting  engine.  Both  he  and  the  engine  were  carried  to  the  middle 
of  the  river,  both  disappearing  under  the  water.  The  engine  was  thrown 
to  the  surface  about  half  way  across  and  the  man  soon  extricated  him- 
self near  the  west  bank  and  swam  ashore.  How  he  escaped  the  falling 
derrick  guys  and  pile  drivers  is  a  mystery  that  he  was  unable  to  explain. 
The  flow  did  not  move  directly  towards  the  river,  but  obliquely  up 
stream.  Its  direct  path  was  obstructed  by  the  piling  of  the  abutment 
foundation,  which  extended  along  the  shore  for  125  feet  in  length.     The 
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moving  mass  seems  1o  have  included  the  clay  for  a  depth  of  some  20  feet 
below  the  top  of  the  abutment  foundations,  or  pile-heads,  for  the  piles 
in  the  northern  wing  of  the  abutment  were  broken  off  in  the 
ground  about  that  length  below  their  tops  and  swept  along  with 
the  flowing  clay  into  the  middle  of  the  river  channel,  where  they 
stood  bristling  at  all  possible  angles.  The  mass  in  motion  piobably 
contained  some  8,000  cubic  yards,  weighing  over  120  pounds  per  cubic  foot, 
or  about  18,000  tons.  The  flow  continued  till  checked  by  the  opposite 
river  bank,  completely  damming  the  water  for  the  time.  An  elm  tree 
which  had  stood  on  the  slope,  about  40  feet  high,  stood  upright  in  the 
middle  of  the  river  for  some  months  afterwards,  continuing  to  grow,  on 
an  island,  after  the  river  had  risen  and  washed  a  new  channel  on  each 
side  of  it  through  the  soft  clay.  The  writer  first  saw  the  ground  on  the 
4th  of  May,  three  days  after  the  slide.  The  face  of  the  bluff  was  then 
nearly  perpendicular  from  the  top  down  about  15  feet,  with  a  steep  talus 
below  for  10  feet  more,  and  thence  a  gentle  slope  to  the  middle  of  the 
river.  Much  of  the  sand  which  had  lain  on  the  top  of  the  clay  lay  there 
still,  as  if  the  clay  had  flowed  Out  from  under  it.  Where  the  clay  was 
exposed  it  was  so  soft  that  a  pole  could  be  pushed  down  10  feet  or  more 
by  the  strength  of  one  hand.  When  handled  it  was  about  the  consistency 
of  putty  as  used  by  glaziers,  though  a  few  days"  exposure  to  the  air 
caused  the  surface  to  stiffen  and  crack.  A  portion  of  the  slide  had  car- 
ried away  some  20  feet  of  the  trestle  over  which  the  railroad  traflfic  was 
passing.  While  reconstructing  this,  the  top  of  the  bank  cracked  again 
some  6  to  10  feet  back  from  the  edge  and  slid  off,  again  breaking  the 
trestle.  The  edge  of  the  bluff  had  now  cracked  away  to  within  such  a 
short  distance  from  the  ice-house  on  the  south  side  that  it  was  feared  the 
weight  of  the  ice  might  precipitate  further  slides,  and  interrupt  the  pas- 
sage of  trains  indefinitely.  But  this  fear  was  not  realized.  The  later 
cracks,  and  the  shovels  of  a  gang  of  men  put  on  for  that  purpose,  soon 
rendered  the  face  of  the  slope  less  precipitous  and  more  stable. 

It  is  worthy  of  notice  that  this  bluff  had  remained  in  an  apparently 
stable  condition  for  centuries,  except  the  slight  tendency  of  the  old 
abutments  to  slip  forward.  There  had  probably  never  been  a  large  mar- 
gin in  favor  of  stability,  however,  and  several  new  conditions  combined 
to  destroy  the  equilibrium  when  the  slide  took  place.  The  natural  con- 
ditions heretofore  existing  through  an  indefinite  period  were  as  follows  : 
A  mass  of  alluvial  sand  some  10  feet  thick,  resting  on  a  bed  of  soft  clay 
over  50  feet  deep,  intersected  with  nearly  horizontal  water-bearing  veins 
of  sand  at  intervals  of  3  feet  to  16  feet.  The  rivei  had,  at  some  remote 
date,  eroded  about  half  the  depth  of  the  clay,  leaving  the  bluff  as  steep 
as  its  materials  would  stand.  Copious  rains,  during  the  previous  months, 
had  saturated  the  table  land,  and  the  sand  veins  were  carrying  a.  good 
deal  of  water,  while  the  clay  itself  was  so  far  mixed  with  fine  sand  as  to 
allow  water  to  permeate  its  whole  mass  and  soften  it. 

The  coffer  dam  along  the  edge  of  the  river,  125  feet  in  length,  obstructed 
the  drainage  of  water  from  these  sand  veins  where  they  cropped  out 
against  the  river  channel  under  water,  and  thereby  aggravated  the  satu- 
ration of  the  mass  of  clay.  The  constant  traffic  on  the  railroad  trestle 
close  by  kept  the  whole  neighboring  earth  quivering,  and  tended  to 
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destroy  the  friction  between  its  parts.  The  final  touch  which  served  to 
pull  the  trigger  and  launch  the  heavy  mass,  was  the  digging  of  the 
foundation  pit  at  the  foot  of  the  slope.  This  served  as  a  warning  to  dis- 
courage further  attenapts  to  excavate  in  a  material  which,  while  about 
twice  the  specific  gravity  of  water,  was  essentially  governed  by  the  laws 
of  fluid  pressure  and  fluid  motion  to  a  large  degree,  and  too  little  ele- 
vated above  the  river  to  admit  of  drainage  to  any  appreciable  depth  below 
its  surface. 

Several  schemes  were  suggested  for  rebuilding  the  bridge,  such  as  to 
lengthen  the  span  and  set  the  east  abutment  back  from  the  river,  or 
make  an  additional  span  over  the  ground  from  which  the  clay  had 
flowed,  putting  a  pier  where  the  east  abutment  had  been  begun. 

But  as  no  additional  length  of  bridge  beyond  what  had  already  been 
planned  was  really  needed  for  water-way,  and  as  the  clay  was  apparently 
as  soft  75  feet  back  from  the  river  as  anywhere,  there  did  not  seem  to  be 
any  good  reason  for  a  greater  length  of  bridge.  Moreover,  the  iron  su- 
perstructure was  completed  and  ready  for  erection.  It  was,  therefore, 
determined  to  build  a  new  abutment  on  the  site  of  the  one  already  begun 
and  use  the  iron  work  of  the  bridge  without  change. 

The  first  step  was  to  drain  the  suri)lus  water  out  of  the  material 
between  the  river  bank  and  the  face  of  the  bluff  where  the  slide  had 
taken  place.  For  this  end  a  trench  was  dug  some  three  or  four  feet  deep, 
extending  all  around  the  site  of  the  proposed  new  abutment  and  dis- 
charging into  the  river  near  the  actual  water-level  at  both  ends. 

A  plank  box  with  holes  in  the  bottom  was  buried  in  this  trench,  and 
the  surface  on  which  work  was  to  be  done  soon  became  more  stable. 

The  "  spread  eagle"  plan  for  the  abutment  was  abandoned,  and  a  plan 
adopted  with  wings  parallel  to  the  tracks,  long  enough  to  enable  a  stable 
slope  of  earth  (If  to  1)  to  fold  around  outside  of  each  wing,  starting  at 
the  grade  of  the  roadbed  at  the  end  of  the  wings,  and  reaching  the 
natural  surface  at  the  face  just  below  the  bridge  seat,  the  bridge  being  a 
deck  bridge,  with  the  lower  chords  only  a  few  feet  above  high  water. 
Thus  the  foundation  was  a  parallelogram  62  feet  long,  parallel  with  the 
tracks,  and  40  feet  wide  at  right  angles  to  them.  This  space  was  set  full 
of  piles  about  3  feet  on  centres  each  way,  and  the  piles  capped  :by  6  x  13 
inches  hard  pine  timber,  set  edgewise,  the  pile  heads  being  cut  half  off 
with  a  shoulder  to  receive  them.  The  timber  was  bolted  to  every  pile  by 
a  7-8  inch  bolt  aiid  nut.  For  40  feet  back  from  the  face  the  timb^'rs  ran 
parallel  to  the  track  and  transversely  for  the  rest  of  the  length  of  the 
wings.  The  whole  space  between  the  wings  was  treated  in  the  same 
way,  and  a  platform  of  3-inch  spruce  plank  was  'spiked  down,  tying  the 
piles  together  in  a  direction  tranverse  to  the  timbers. 

The  clay  was  about  8  feet  higher  at  the  end  of  the  wings  than  at  the  face 
of  the  abutment.  The  platform  near  the  river  bank  was  to  be  just  below  the 
summer  stage  of  the  river.  If  the  whole  were  made  level,  the  end  of  the 
foundation  furthest  from  the  river  would  require  some  10  feet  of  excava- 
tion. It  was  not  thought  prudent  to  dig  such  a  pit  for  fear  of  disturbing 
the  equilibrium  then  existing  in  the  semi-fluid  mass.  But  as  the  clay 
was  of  such  a  character  as  to  never  lose  its  water  by  evaporation  or 
drainage  a  few  feet  below  the  surface  of  the  future  grading,  the  platform 
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was  made  in  steps,  the  foundation  at  the  ends  of  the  wings  for  30  feet  in 
length  being  8  feet  above  the  platform  at  the  face  next  the  river.  There 
were  two  steps,  as  shown  in  the  drawings,  with  timber  lapping  past  them 
to  secure  continuous  ties. 

The  piling  was  begun  the  latter  part  of  May,  as  soon  as  the  timber 
could  be  obtained,  and  the  whole  work  completed  ready  for  the  traffic  in 
November. 

As  the  planking  cf  the  platform  over  the  space  between  the  wings 
might  have  been  unable  to  support  a  load  of  gravel  30  feet  high,  this 
space  was  filled  with  locomotive  cinders,  a  material  having  only  half  the 
weight  of  gravel. 

During  the  driving  of  the  piles  it  was  found  that  when  half  or  two- 
thirds  down,  they  would  float  out  of  the  clay  slowly  if  left  unloaded. 
They  could  not  be  so  left  until  their  lower  ends  were  driven  some  feet 
into  the  stony  gravel  below  the  clay.  A  row  of  leaning  piles  was  driven 
along  the  face  next  the  river,  their  heads  being  bolted  back  to  the  others, 
and  a  large  quantity  of  broken  stone  was  dumped  in  the  mud  in  front  as 
a  buttress.  Tlie  bridge  has  been  closely  watched  since  its  completion. 
The  western  abutment  standing  on  a  better  quality  of  material  (gravel 
and  sand),  was  completed  as  first  planned,  with  the  straight  winge,  and 
has  kept  its  form. 

The  eastern  abutment  began  to  move  perceptibly  within  a  year  after 
its  completion.  A  careful  survey  shows  that  each  abutment  has  now 
moved  forward  bodily,  as  a  monolith,  about  4  inches,  bringing  the  west- 
ern or  rolling  end  of  the  bridge  against  the  abutment  wall.  There  is 
about  6  inches  more  space  at  the  east  end,  but  in  order  to  use  it  to  relieve 
the  bridge  from  possible  crowding,  the  eastern  end  •  must  be  cut  loose 
from  the  masonry  and  the  whole  structure  moved  endwise,  so  that  the 
spare  room  may  be  at  the  rolling  end. 

No  crack  has  appeared  in  any  part  of  the  masonry.  Its  pointing  is 
still  perfect.  It  has  moved  forward  as  a  single  block.  Its  weight  is  about 
3,000  tons  for  each  abutment.  Its  future  movements  will  be  of  interest 
to  the  profession.  It  is  the  opinion  of  the  writer  that  no  other  plan  of 
foundation  could  produce  a  result  equally  stable,  short  of  a  pneumatic 
caisson  foundation  sunk  to  the  hard  bottom  some  40  feet  under  water. 
Such  a  plan  would  have  involved  a  large  cost,  and  the  delay  would  have 
rendered  it  difficult  to  maintain  the  trestle  for  railroad  traffic  during  the 
winter  months,  when  a  heavy  coat  of  ice  would  have  formed  in  the  pond, 
crowding  the  trestle  and  lifting  it  with  a  prodigious  force  whenever  the 
river  should  rise. 

The  peculiar  feature  of  the  foundation  is  the  construction  of  the  timber 
platform  with  steps  as  we  recede  from  the  river.  Such  a  construction 
would  in  most  cases  expose  the  timber  to  decay,  but  this  clay  had 
remained  so  saturated  with  water  through  the  dry  seasons  for  over 
twenty  years  that  the  timber  platform  under  the  old  abutment  had  not 
suffered  from  decay,  though  higher  than  any  part  of  the  new  one,  and 
more  exposed  to  evaporation,  the  new  one  having  greater  depth  of  filling 
over  it  than  the  old. 
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ON  THE  USE  OF  THE  HORIZONTAL  TELESCOPE  FOR  DETER 
MINING  DIFFERENCES  OF  LATITUDE  AND  LONGITUDE  ON 
THE  EARTH. 


By  Prof.  John  N.  Stockwell,  Member  of  the  Civil  Engineers'  Club  of 

Cleveland. 
[Read  June  14,  1887.] 


One  of  the  most  important  problems  which  h^ve  attracted  the  atten- 
tion of  mankind  from  the  earliest  ages  is  the  determination  of  the  figure 
and  dimensions  of  the  earth.  Aristotle  relates  that  the  mathematicians 
prior  to  his  time  had  found  the  circumference  to  be  400,000  stadia.  It 
follows,  therefore,  that  the  earth,  even  at  that  early  age,  was  known,  or 
at  least  supposed  to  be,  spherical.  But  the  records  of  the  principles  and 
measurements  by  which  the  circumference  was  determined  have  not 
been  preserved  to  our  time. 

If  we  assume  the  length  of  the  stadium  to  be  606.75  feet,  or  0.11493  of 
a  mile,  a  circumference  of  400,000  stadia  would  correspond  to  a  diameter 
of  14,600  miles  ;  which  may  be  regarded  as  a  first  approximation  to  the 
earth's  diameter. 

The  measurements  mentioned  by  Aristotle  were  probably  made  as 
early  as  the  year  400  B.  C. ;  and  we  Imve  no  account  of  other  measure- 
ments for  the  same  purpose  until  the  time  of  Eratosthenes,  who  lived 
about  the  middle  of  the  third  century  B.  C,  and  who  has  explained  the 
methods  and  preserved  the  measurements  by  which  the  mathematicians 
of  his  time  determined  the  magnitude  of  the-  earth.  The  general  prin- 
ciples employed  in  the  solution  of  the  problem  in  thope  early  ages  were 
essentially  the  same  as  are  employed  at  the  present  time  ;  although  the 
necessary  measurements  for  the  purpose  were  very  crudely  and  im- 
perfectly made.  It  was  known  from  observation  that  on  the  day  of  the 
summer  solstice,  at  noon  objects  cast  no  shadows  at  Syene,  in  Upper 
Egypt ;  whence  it  follows  that  the  sun  was  at  that  instant  in  the  zenith, 
whereas  at  Alexandria,  in  Lower  Egypt,  on  the  same  day  the  sun's  zenith 
distance  at  noon  was  found  to  be  7°  12'.  Supposing,  therefore,  that  these 
two  places  were  situated  in  the  same  terrestrial  meridian  (which  is  nearly 
true),  it  would  follow  that  they  were  separated  by  one-fiftieth  of  the 
whole  circumference  of  the  earth.  Now,  the  distance  between  the  two 
places  was  believed  to  be  5,000  stadia,  whence  it  followed  that  the  whole 
circumference  was  250,000  stadia;  and  this  would  correspond  to  a 
diameter  of  more  than  9,000  miles,  w^hich  may  be  considered  as  a  second 
approximation  to  the  diameter  of  the  earth.  Modern  determinations  show 
that  the  difference  of  latitude  between  Alexandria  and  Syene  was  very 
correctly  determined  ;  the  distance  between  the  two  places  must,  there- 
fore, have  been  very  imperfectly  known,  provided  the  length  of  the 
stadium  was  what  we  have  supposed. 

The  actual  great  circle  distance  between  Alexandria  and  Syene  is  524 
miles,  and  if  we  assume  this  as  equal  to  5,000  stadia  the  length  of  the 
stadium  comes  out  about  53  feet  shorter  than  the  value  we  have  sup- 
posed. 

The  next  attempt  to  determine  the  magnitude  of  the  earth  was  made 
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l)y  Posidonious,  about  the  beginning  of  the  first  century  B.  C.  This 
astronomer  determined  the  difference  of  latitude  between  Alexandria 
and  Rhodes  by  means  of  the  meridian  altitude  of  the  bright  star  Alpha 
Argus  {Canopus).  At  Rhodes  this  star  .was  barely  visible  above  the  hor- 
izon, while  ,at  Alexandria  it  rose  to'  the  height  of  a  quarter  of  a 
sign,  or  7°  30',  which  is  the  forty-eierhth  part  of  the  circumference. 
He  also  assumed  the  distance  i  the  two  places  to  be  5,000  stadia, 

although  thedistance  had  be.u  'j;t|.rnated  by  Eratosthenes,  two  centuries 
earlier,  as  only  3,750  stadia,  t^  VoUionious,  therefore,  concluded  that  the 
circumference  of  the  eart:i  \a  v'qual  to  240,000  stadia,  which  corresponds 
to  a  diameter  of  about  8. "^00  jiwles. 

Posidonious  has  not  infeiauaed  us  in  what  manner  he  determined  the 
•distance  between  Rhodes  and  Alexandria  ;  and  as  the  intervening  dis- 
tance is  wholly  occupied  by  the  waters  of  the  Mediterranean,  it  is  evident 
that  no  direct  measurement  of  the  distance  was  possible.  But  the  actual 
difference  of  latitude  between  Rhodes  and  Alexandria  is  only  5°  15'  instead 
of  7"^  30';  and  the  actual  distance  between  them  is  only  about  8,300  stadia 
instead  of  5,000,  so  that  the  two  errors  nearly  balanced  each  other,  and 
Posidonious  obtained  nearly  the  same  value  for  the  earth's  diameter  as 
had  been  previously  found  by  Eratosthenes. 

But  the  observations  of  the  meridian  altitudes  of  Canopus  at  Rhodes 
and  at  Alexandria  by  Posidonious  must  have  been  very  deficient  in  ac- 
curacy, for  the  latitude  of  Rhodes  is  86°  25',  and  that  of  Alexandria  is 
3r  10',  while  the  decUnation  of  the  star  Canopus  2,000  years  ago  was 
52°  45'  south,  differing  only  8'  from  its  declination  at  the  present  time. 
It  therefore  follows  that  the  true  meridian  altitudes  at  Rhodes  and  Alex- 
andria must  have  been  0°  50' and  6°  5'  respectively;  and  these  would  have 
been  further  increased  by  refraction,  'so  that  their  apparent  altitudes 
must  have  been  1°  13'  and  6°  13',  thus  making  the  apparent  difference  of 
latitude  only  5°  instead  of  7°  80',  or  just  two-thirds  of  the  distance 
estimated  by  Posidonious. 

Early  in  the  ninth  century  the  Arabians  mea&ured  an  arc  of  the  meridian 
on  the  plains  of  Mesopotamia ;  but  the  details  of  their  measurements 
have  not  been  preserved  to  our  times,  and  consequently  our  knowledge 
of  the  figure  and  dimensions  of  the  earth  has  not  been  increased  by  their 
labors.  This  closes  the  historical  notice  of  the  really  ancient  determina- 
tions of  the  earth's  magnitude,  and  we  shall  now  proceed  to  give  an 
account  of  the  modern  determinations  of  the  same  element. 

The  first  of  the  modern  attempts  to  measure  the  magnitude  of  the 
€arth  was  made  by  Fernel,  a  French  physician,  about  the  middle  of  the 
sixteen  century.  He  counted  the  number  of  revolutions  which  his 
carriage- wheel  made  in  going  from  Paris  to  Amiens,  which  are  very 
nearly  in  the  same  meridian,  and  he  determined  the  length  of  a  degree 
of  the  meridian  to  be  864,960  English  feet,  which,  supposing  the  earth 
to  be  a  sphere,  would  correspond  to  a  diameter  of  about  7,921  miles. 
This  is  a  very  close  approximation,  and  differs  only  about  four  miles  from 
the  earth's  mean  diameter,  according  to  the  laborious  and  refined  methods 
of  the  present  day. 

The  next  attempt  to  determine  the  length  of  a  degree  of  the  meridian 
was  made  by  Norwood  in  the  year  1635.    By  a  method  somewhat  similar 
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to  that  employed  by  Fernel,  he  measured  the  distance  from  London  to 
York  ;  and  by  noting  the  bearings  and  lengths  of  the  different  courses, 
he  reduced  his  measures  to  a  meridian  line  and  also  to  the  sea  level,  and 
finally  concluded  that  the  length  of  a  degree  between  London  and  York 
was  367,176  feet.  This  differs  from  the  actual  distance  by  2,100  feet, 
and  is  far  less  accurate  than  the  measurement  by  Fernel,  which  differed 
by  only  133  feet  from  the  truth. 

This  brings  us  to  the  consideration  of  the  refined  methods  of  the  present 
day,  and  we  need  only  stop  to  explain  their  general  nature  and  estimate 
the  precision  of  which  they  are  capable.  The  methods  at  present  em- 
ployed are  of  two  kinds,  namely:  First,  by  measurements  of  the  length 
of  an  arc  of  the  meridian,  together  with  the  exact  geographical  lati- 
tudes of  its  extremities;  and  second,  by  measuring  the  length  of  a  par- 
allel of  latitude,  together  with  the  exact  difference  of  longitude  of  its 
extremities.  Now,  the  length  of  an  arc  on  the  earth's  surface  may  be 
determined  with  almost  any  desirable  precision,  but  the  determination 
of  the  exact  geographical  latitude  of  any  point  of  the  surface  is  a  mat- 
ter of  very  considerable  difficulty.  We  know,  however,  that  an  arc  of 
1'^  on  the  earth's  surface  is  equal  to  about  100  feet ;  so  that  were  we  able 
to  determine  the  latitude  of  a  place  with  a  probable  error  of  only 
0.01'''',  the  difference  of  latitude  of  two  places  thus  determined  might  be 
in  error  by  double  that  amount.  In  other  words,  if  our  measured  arc 
subtends  an  angle  of  exactly  60'^  at  the  centre  of  the  earth,  the  differ- 
ence of  the  measured  latitudes  might  be  59.98'^  or  60.03'^  and  this  small 
error  would  produce  an  error  of  nearly  three  miles  in  the  estimated 
diameter  of  the  earth. 

In  reality,  the  probable  error  of  latitude  determinations  by  the  instru- 
ments generally  used  for  thpt  purpose  is  nearly  twenty  times  the  value 
we  have  supposed,  so  that  we  cojld  scarcely  rely  upon  the  accuracy  of  a 
determination  of  the  earth's  diameter  from  so  small  an  arc  within  a  limit 
of  one  hundred  miles.  It  is  therefore  necessary  to  measure  very  long 
arcs  of  the  meridian  in  <  rder  to  neutralize  the  effect  of  the  errors  of 
latitude  determinations. 

In  order  to  illustrate  what  has  been  said  in  regard  to  the  accuracy  of 
latitude  determinations,  we  shall  take  an  example  from  the  recent  rec- 
ords of  an  observatory.  During  the  years  1876-77,  Professor  Doolittle 
made  an  extended  series  of  observations  for  the  purpose  of  determining 
the  latitude  of  the  Sayre  observatory,  at  Bethlehem,  Pennsylvania.  He 
used  the  zenith-telescope  of  the  Lehigh  University,  and  obser  ved  sixty 
pairs  of  stars,  making  459  observations  in  all.  Every  precaution  seems 
to  have  been  taken  to  secure  an  accurate  result.  The  latitude  thus  ob- 
tained was  40°  36'  23''.905,  with  a  probable  error  of  only  0''.037.  In 
1885-86,  he  repeated  the  observations  on  fifty-seven  of  the  same  pairs  of 
stars,  making  288  observations  in  all.  This  second  series  of  observations 
being  reduced  in  the  same  manner  as  the  first,  gave  40°  36'  23''.512  as 
the  latitude  of  the  observatory,  with  a  probable  error  of  only  O^'.OSl.  The 
difference  of  these  two  very  elaborate  determinations  is  0''.393,  or 
about  double  the  quantity  which  was  assumed  as  a  maximum  error  of 
a  determination  of  latitude. 

Now  we  cannot  properly  suppose  that  the  latitude  of  the  observatory 
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has  changed  during  the  nine  years  between  the  two  sets  of  observations. 
In  fact,  we  have  no  evidence  that  terrestrial  latitudes  ever  change  ;  but 
on  the  other  hand  we  have  very  good  evidence  that  the  latitude  of  a 
place  is  one  of  the  most  permanent  elements  of  nature.  Thus  the  lati- 
tude of  the  Naval  Observatory  at  Washington,  as  determined  at  intervals 
of  eighteen  and  twenty  years  was  as  follows  : 

In  1845,  Latitude  =  38°  53'  39.25'' 
1863,        "         =  38.78" 

1883,        "          =  38.94" 

And  the  latitude  of  Greenwich  Observatory,  as  determined  by  obser- 
vations between 

1836-1849    give    Latitude  =   51°  28' .38.15" 
1851-1865      "  ''  =  38.13" 

1866-1879      "  "  =  38.17" 

These  determinations  are  so  nearly  identical  as  to  preclude  the  hypoth- 
esis of  a  change  of  latitude.  Moreover,  a  change  of  latitude  of  any 
place  implies  a  shifting  of  the  pole  cf  the  earth  ;  and  a  shifting  of  the 
pole  further  implies  a  change  in  the  direction  of  all  terrestrial  meridians, 
except  the  one  along  which  the  pole  is  traveling.  But  no  such  change 
in  the  direction  of  the  meridians  has  been  detected  by  observation,  and 
therefore  the  hypothesis  of  a  change  of  latitude  is  at  present  untenable. 
It  is  therefore  necessary  to  measure  very  large  arcs  of  the  meridian  in 
order  to  neutralize  the  effect  of  errors  in  the  determination  of  latitudes  ; 
but  this  method  of  overcoming  the  defects  of  latitude  determinations  is 
correct  only  on  the  supposition  that  the  measured  arcs  of  meridian  are 
themselves  free  from  error,  which  is  not  strictly  true. 

Having  explained  the  difficulties  attending  the  measurements  of  arcs  of 
the  meridian,  we  shall  now  consider  those  incident  to  the  measurement  of 
an  arc  of  parallel.  The  chief  difficulty  attending  the  measurement  of  an 
arc  of  parallel  arises  from  the  uncertainties  in  the  determination  of  the 
difference  of  longitude  between  the  two  stations.  For  this  reason  there 
have  been  very  few  attempts  to  measure  large  arcs  of  parallels  ;  but  the 
most  important,  extensive  and  systematic  measurement  was  made  some 
sixty-five  years  ago,  along  the  parallel  of  45°  43'  12''  from  Marennes  on 
the  west  coast  of  France  to  Padua,  near  the  eastern  coast  of  Italy,  a  dis- 
tance of  628  miles.  The  arc  embraced  nearly  thirteen  degrees  of  longitude, 
and  was  divided  into  six  sections,  which  were  independently  measured, 
and  every  precaution  was  taken  to  secure  the  greatest  possible  accuracy. 
The  sections  varied  in  length,  being  measured  by  the  difference  of  longi- 
tude between  any  two  consecutive  stations.  The  following  table  contains 
the  lengths  of  the  different  arcs  in  feet,  and  also  the  values  of  the  corre- 
sponding arcs  of  longitude  as  estimated  by  the  observers  : 

Amplitudes.  Length  in  Length  of 

Arcs.  Min.   Sec.  feet.  one  minute. 

1.  Marennes  to  St.  Preuil 3    48.99  244,123  4264.4 

2.  St.  Preuilto  Sauvagnac...     6    23.09  407.429  4254.1 

3.  Sauvagnac  to  Isson ..     6    51.39  437,493  4253.8 

4.  Isson  to  Geneva 11    57.82  764,736  4261.4 

5.  Geneva  to  Milan 12      9.57  776,646  4258.1 

6.  Milan  to  Padua 10    45.38  686,549  4255.1 

Total  length 51    56.24  3,316,976  4257.8 

The  length  of  the  arc  of  one  minute  in  feet  is  found  by  dividing  the 
length  of  the  whole  arc  by  the  number  of  minutes  of  a  degree  in  its 
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amplitude.  The  difference  of  longitude  between  any  two  consecutive 
stations  was  determined  by  fire-signals  at  intermediate  points.  The 
whole  arc  between  Marennes  and  Padua  gives  4257.8  feet  for  the  arc  of 
one  minute  of  longitude  on  that  parallel ;  which  is  1.2  feet  greater  than 
it  should  be  according  to  Bessel's  spheroid,  and  exceeds  the  value  re- 
quired by  Clarke's  spheroid  of  1880  by  6  inches.  A  comparison  of  the 
numbers  in  the  preceding  table  shows  that  by  measuring  an  arc  of  two 
or  three  degrees  we  should  be  tolerably  certain  of  finding  the  length  of 
an  arc  of  one  minute  of  longitude  on  that  parallel  with  a  probable  error 
of  about  4  feet.  This  shows  the  very  great  difficulty  attending  the  ac- 
curate measurement  of  an  arc  of  parallel. 

The  differences  of  longitude  in  the  preceding  table  were  determined 
before  the  invention  of  the  telegraphic  method,  and  it  becomes  a  matter 
of  considerable  interest  and  importance  to  know  to  what  extent  they 
are  confirmed  by  the  improved  methods  in  use  at  the  present  time. 

For  this  purpose  we  shall  observe  that  the  longitudes  of  the  observa- 
tories of  the  three  eastern  stations,  Geneva,  Milan  and  Padua,  which 
were  points  of  the  triangulation,  have  been  determined  by  the  tele- 
graphic method,  and  give 

Milan— Geneva  =12  min.    9.20  sec. 

Padua— Milan. =10  43.16 

If  we  assume  these  numbers  to  oe  correct,  it  follows  that  the  numbers 
in  the  table  are  erroneous  by  the  quantities  0.37  sec.  —  S.^'SS,  and  2.22  sec. 
=  33. ''3,  respectively.  And  these  corrections  would  change  the  lengths  of 
the  corresponding  arcs  of  1  minute  of  longitude  from  4258.1  to  4260.2, 
and  from  4255.1  to  4269.8,  the  latter  being  changed  by  nearly  15  feet,  and 
the  accordance  of  values  derived  from  the  whole  six  arcs  being  much 
less  perfect  than  before.  The  value  of  the  arc  of  one  minute  of  longitude 
derived  from  the  corrected  value  of  the  whole  arc  is  4261.3,  which  is 
4.7  feet  greater  than  it  should  be,  according  to  Bessel's  spheroid,  and  4 
feet  greater  than  is  required  by  Clarke's  spheroid. 

We  thus  see  that  the  determination  of  the  absolute  latitude  of  a  place, 
as  well  as  the  difference  of  longitude  between  two  places,  is  a  matter  of 
very  great  difficulty;  and  a  writer  in  the  Encyclopedia  Britanniea  tells  us 
that  the  latitudes  of  the  best  determined  spots  on  the  earth  are  uncertain 
hj  one-half  Si  second;  and  also  that  the  differences  of  latitude  can  be 
determined  with  gr.eater  precision  than  differences  of  longitude.  If  we 
at  present  admit  that  the  best  determined  latitudes  are  uncertain  by  one- 
quarter  of  a  second,  and  that  differences  of  longitude  are  uncertain 
w^iihin  somewhat  wider  limits,  it  is  the  object  of  this  paper  to  explain 
how  we  may  obtain  these  differences  of  latitude  and  longitude  with  less 
than  the  one-hundredth  part  of  the  error  which  attends  their  determina- 
tion astronomically.  And  for  this  purpose  I  have  conceived  a  telescope 
to  be  endowed  with  certain  peculiarities  which  will  serve  special  puri)0ses 
and  distinguish  it  from  other  engineering  and  astronomical  instruments, 
and  have  designated  it  by  the  name  of  Horizontal  Telescope. 

Since  the  zenith  telescope  is  employed  for  determining  the  angular  dis- 
tances of  the  celestial  bodies  from  the  zenith,  so  in  like  manner  it  is  the 
object  of  the  horizontal  telescope  to  determine  the  angular  distance  of 
errestrial  objects,  situated  at  a  finite  distance,  from  a   line  truly  hori- 
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zontal  at  the  place  of  the  observer.  By  measuring  such  mutual  angular 
distances  between  any  two  places  on  the  surface  of  the  earth,  which  are 
visible  from  each  other,  we  have  at  once  the  means  of  determining  the 
angular  distance  between  such  places,  when  viewed  from  the  earth's 
centre  ;  or  rather  when  viewed  from  the  point  where  the  normals  to  the 
earth's  surface  at  the  points  of  observation  intersect  each  other. 


For  let  A  and  B  denotejtwo  points  of  observation,  and  C  the  centre  of 
the  earth  ;  then  if  AB'  and  A'B  are  two  truly  horizontal  lines  at  the 
points  A  and  B,  the  angle  ACB  will  be  equal  to  ABA'  +  BAB';  that  is 
the  angle  at  the  centre  of  the  earth  will  be  equal  to  the  sum  of  the  angu- 
lar depressions  of  the  points  A  and  B  when  viewed  from  each  other. 
For,  if  we  denote  the  angles  ACB,  BAB%  ABA'  by  e,  Q\  B",  we  shall 
have  CAB  =  90°  —  0%  CBA  =  90°  —  S";  their  sum  will  be  180°  —{O'+Q"). 
But  the  sum  of  these  angles  is  equal  to  180°  —  0  ;  therefore  9  =  6'  +  Q"  ; 
or  the  angle  at  the  centre  of  the  earth  between  the  two  points  A  and  B 
is  equal  to  the  angular  depression  of  B  as  seen  from  A,  plus  the  angular 
depression  of  A  as  seen  from  B. 

Having  explained  how  the  angle  0  may  be  determined  theoretically,  it 
now  remains  to  show  how  the  angles  Q'  and  0"  may  be  very  accurately 
determined  by  means  of  the  horizontal  telescope. 

Since  the  angles  6'  and  0"  are  necessarily  very  small,  it  follows  that 
the  telescope  at  A  or  B  will  be  very  nearly  horizontal;  and  we  shall  sup- 
pose that  the  angles  6'  and  B"  are  less  than  one-half  of  the  field  of  view 
of  the  telescope.  Let  us  then  suppose  that  we  have  a  horizontal  tele- 
scope at  ^4  and  another  at  B.  If  the  telescope  at  A  be  pointed  directly  at 
B,  the  axis  of  the  telescope  or  line  of  collimation  will  be  in  the  line  AB, 
and  pass  through  the  horizontal  axis  of  the  telescope  at  B.  Next  let  the 
telescope  at  B  be  made  horizontal;  the  line  of  collimation  will  be  in  the 
line  BA\  and  the  telescope  at  A  will  be  in  the  field  of  view  at  B.  Then 
by  means  of  a  micrometer  in  the  telescope  at  B,  we  bring  the  movable 
thread  to  bisect  the  eye-piece  of  the  telescope  at  A,  the  reading  of  the 
micrometer  screw  will  show  at  once  the  value  of  the  angle  ABA',  or  B". 
Next  let  the  telescope  at  A  be  made  horizontal.  Its  line  of  collimation 
will  take  the  position  AB';  and  if  the  telescope  at  B  be  pointed  at  A  the 
value  of  the  angle  BAB'  or  B'  may  be  at  once  read  off  by  means  of  a 
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micrometer  in  tlie  telescope  at  ^4,  in  the  same  manner  as  before  with  the- 
telescope  at  B.  Now,  since  the  line  AB  is  supposed  to  be  known  by 
actual  measurement,  if  we  find  the  angles  6' and  0''  as  already  explained, 
we  have  the  means  of  computing  the  sides  AC  and  BC,  or  the  distances 
of  the  places  of  observation  from  the  centre  of  the  earth.  We  have  thus 
indicated  a  very  exact  and  convenient  method  of  finding  the  angles  6'' 
and  b";  but  there  are  four  independent  methods  of  finding  these  quanti- 
ties, which  we  will  now  explain. 

The  first  method  is  by  means  of  micrometers  in  the  telescopes  at  A  and 
B  as  already  stated  ;  the  second  method  consists  in  measuring  the  heights 
AA'  and  BB'  at  which  the  respective  lines  of  level  from  the  points  A  and 
B  pass  above  the  axes  of  the  instruments  at  B  and  A  respectively  ;  then 
dividing  these  distances  by  the  known  distance  AB  we  got  the  tangents  of 
the  angles  0'  and  B'\  which  ought  to  agree  with  the  values  found  directly 
with  the  micrometers. 

The  third  rnethod  of  finding  these  angles  is  by  means  of  graduated  arcs 
of  circles  of  long  radius,  attached  to  the  instrument.  These  arcs  need 
extend  only  over  two  or  three  deg:rees  ;  and  in  instruments  of  great  deli- 
cacy might  have  a  radius  of  three  or  four  feet. 

The  fourth  method  oC  finding  these  angles  is  by  means  of  a  delicate 
screw  attached  to  the  instrument  as  far  from  its  horizontal  axis  as  pos- 
sible. Then  knowing  the  distance  between  the  threads  of  the  screw  and 
the  distance  of  the  screw  from  the  axis  of  the  telescope  it  is  easy  to  find 
the  angles  f/  or  h"  corresponding  to  any  number  of  revolutions  of  the 
screw  that  may  be  necessary  in  order  to  bring  the  axis  of  the  telescope 
from  the  position  AB'  to  AB.  For  example,  suppose  the  screw  has  one 
hundred  threads  to  the  inch,  and  was  three  feet  from  the  axis  of  the 
telescope  ;  then  one  revolution  of  the  screw  would  revolve  the  telescope 
through  an  angle  of  57. ''297. 

The  first  of  these  four  methods  of  finding  the  angles  6'  and  Q"  can  only 
be  applied  to  those  cases  in  which  these  angles  are  considerably  less  than 
one-half  the  breadth  of  the  field  of  the  telescope  ;  the  second  may  be 
used  for  all  distances  at  which  it  is  practicable  to  measure  the  distances 
AA'  and  BB\  Our  present  knowledge  of  the  magnitude  of  the  earth 
shows  us  that,  if  the  distance  AB  is  equal  to  one  mile,  the  distance 
AA'  or  BB'  would  be  equal  to  about  8  inches.  We  also  know  that  the 
distances  AA\  BB'  are  very  nearly  proportional  to  the  squares  of  the 
distances  AB.  Therefore  if  the  distance  AB  were  four  miles,  the  dis- 
tance xi^'  would  be  128  inches,  or  lOf  feet ;  and  if  the  distance  between 
the  stations  were  five  miles  it  would  amount  to  nearly  17  feet. 

The  third  and  fourth  methods  apply  to  any  distances  at  which  the  two 
stations  A  and  B  are  visible  from  each  other. 

We  must  now  estimate  the  degree  of  precision  which  we  ought  to  be 
able  to  attain  by  this  method.  If  we  measure  the  angles  0'  and  &"  by  means 
of  the  micrometer,  we  ought  to  be  able  to  attain  the  precision  reached  by 
astronomers  in  their  measurements  of  the  angular  distances  between  the 
double  stars,  since  there  is  no  reason  why  a  system  of  luminous  points 
resembling  stars  may  not  be  arranged  for  observation  at  the  stations  A 
and  B.  Now  astronomers,  during  the  past  hundred  years,  have  given 
such  micrometric  measurements  to  the  thousandth  part  of  a  second  of  a 
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degree,  by  single  measurement ;  and  have  given  the  results  of  numerous 
measurements  as  correct  in  the  fourth  decimal  of  a  second  of  arc.  I  do 
not  place  much  confidence  in  the  last  two  figures  of  such  a  decimal ;  but 
think  we  may  properly  assume  that  if  we  employ  three  decimals,  the  last 
only  is  doubtful.  We  shall  therefore  assume  that,  by  means  of  numer- 
ous measures  of  the  angles  G'  and  ^y\  their  values  may  be  obtained  cor- 
rect to  the  third  decimal  place. 

It  now  only  remains  to  inquire  what  degree  of  precision  in  the  dimen- 
sions of  the  earth  might  properly  be  expected  from  such  measures  as  we 
have  indicated.  In  order  to  answer  this  inquiry  we  may  suppose  that  the 
distance  A  B  betw^een  the  two  stations  is  correctly  known.  If  the  sum  of 
the  angles  G'and  0"  amounted  to  just  3'  0''.000,  or  180'^000,  then  an  error 
of  five  units  in  the  fourth  decimal  place  of  the  angle  would  make  a  differ- 
ence of  only  one  unit  in  the  sixth  decimal  place  of  the  log  sine  or  log  tangent 
of  the  angle ;  and  consequently  such  an  angle  would  give  the  radius  correct 
to  six  places  of  figures.  Now,  we  know  that  the  mean  radius  of  the 
earth  is  about  3,958.80  miles  ;  therefore,  by  means  of  an  arc  of  three 
minutes  of  a  degree,  we  ought  to  find  the  radius  of  the  earth  correct  to 
within  one  or  two  hundredths  of  a  mile,  or  within  about  one  hundred 
feet  of  the  true  value.  But  the  values  of  the  mean  radius  of  the  earth, 
according  to  the  determinations  of  astronomers,  by  means  of  large  arcs 
of  the  meridian  in  different  parts  of  the  world,  made  during  the  last 
sixty  years,  differ  from  the  mean  of  all  by  more  than  one-third  of  a 
mile  ;  and  those  deduced  from  measures  made  during  the  past  thirty 
years  differ  among  themselves  by  nearly  one-sixth  of  a  mile.  Therefore, 
if  we  can  determine  the  values  of  0'  and  G"  correct  to  even  the  one- 
hundredth  of  a  second,  we  can  determine  the  earth's  mean  radius  from 
an  arc  of  three  7ninutes,  by  this  method,  with  as  much  precision  as  we 
can  by  the  methods  generally  used  by  measuring  an  arc  of  three  degrees. 

By  means  of  two  stations  we  are  enabled  to  determine  the  radius  of 
the  earth  with  very  considerable  precision,  on  the  supposition  that  it  is  a 
perfect  sphere  ;  but  in  order  to  determine  its  form  we  must  first  deter- 
mine the  angles  between  three  stations.  Since  three  complete  observa- 
tions of  a  planet  or  comet  enables  the  astronomer  to  determine  the  form, 
position,  and  magnitude  of  its  orbit  ;  so  in  like  manner  three  complete 
observations  of  terrestrial  stations  enable  us  to  determine  both  the  form 
and  dimensions  of  the  earth.  Observations  made  at  stations  near  each 
other  would,  however,  determine  the  elements  of  the  osculating  spheroid 
whose  surface  passed  through  the  places  of  observation,  and  might  differ 
considerably  from  the  elements  of  the  mean  spheroid  which  would  best 
represent  the  surface  as  a  whole. 

If  the  two  stations  were  situated  on  the  same  parallel  of  latitude, 
the  difference  of  longitude  between  them  would  be  given  by  the  equa- 
tion 

sin  i  (Q'  +  e'O 

sm-i^  a  = ^- ; 

cos  <p 

in  which  a  is  the  difference  of  longitude  and  (p  is  the  latitude  of  the 
places  of  observation.  From  this  equation  it  follows  that  at  the  equator 
where  ^  =  0,  the  difference  of  longitude  can  be  determined  w^ith  the 
same  precision  as  that  of  latitude. 
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ENGINEERING  AND  SURVEYING. 


By  Charles  Latimer,  Member  Civil  Engineers'  Club  of  Cleveland. 

[R.iad  July  12,  1887.] 


This  is  a  bro^d  subject;  I  had  intended  to  entitle  it  "  Progress  in  Civit 
Engineering Bnd  Survey,"  but  ujjon  consideration  of  the  works  of  ancient 
times  andithe  evidences  of  remarkable  ability  displayed  therein,  it  seems 
doubtful  whether  we  have  made  the  advances  with  which  we  credit  our- 
selves. We  do  not  bestow  a  lithe  of  the  care  upon  our  structures  that 
the  architects  of  old  did  on  theirs,  and  it  would  seem  that  the  ancient 
surveyors  knew  more  than  we  of  the  measures  of  the  earth. 

When  we  study  the  ruins  of  ancient  grandeur  and  of  lost  empires,  we 
realize  that  our  civilization  is  but  a  revival,  and  many  of  our  inventions 
only  discoveries  in  the  mines  of  the  past.  The  ancient  Egyptian  recited 
no  fable  when  he  spoke  of  the  lost  Atlantis.  As  we  set  out  on  our 
journeys  of  discovery  we  do  well  to  note  carefully  the  ancient  landmarks 
and  delve  for  wisdom  in  the  buried  years. 

When  we  glance  at  the  ruins  of  Egypt,  of  Central  America,  at  the 
wonders  of  the  world,  at  the  City  of  Babylon,  covering  at  the  lowest 
computation  a  space  of  100  square  miles,  nearly  five  times  the  size  of 
London,  with  its  walls,  according  to  Herodotus,  335  feet  in  height  and 
85  in  width  ;  with  its  hanging  gardens  laid  out  upon  a  series  of  arches  75 
feet  in  height  and  covered  with  trees  and  flowers,  we  look  in  vain  for 
anything  of  the  present  day  to  surpass  them. 

Of  ancient  aqueducts,  some  of  those  of  Greece  supply  Athens  at  the 
present  dnj.  Of  Roman  aqueducts,  the  Porta  Maggiore  and  the  aque- 
duct at  Nismes,  now  called  the  Pont  du  Gard,  are  the  most  celebrated. 
The  Porta  Maggiore  was  an  aqueduct  bridge  forming  an  archway  over 
which  water  might  pass,  and  below  which  traffic  could  be  conveyed.  In 
one  place  the  chain  of  arches  reached  a  height  of  109  feet,  but  this  must 
yield  the  palm  to  the  Pont  du  Gard,  which  rose  to  180  feet.  In  Spain 
we  have  the  famous  aqueducts  of  Segovia  and  Tarregona,  the  former 
2,400  feet  long  with  159  arches  in  two  tiers,  reaching  a  height  of  102 
feet.  Perhaps  more  wonderful,  though  less  known,  are  the  subterranean 
cisterns  under  Constantinople.  Beneath  the  city,  and  far  beyond  its 
boundaries,  extend  labyrinths  of  water-ways,  passages  and  prisons,  of  a 
length  and  direction  apparently  undiscoverable  in  the  present  day.  The 
citizens  may  be  said  to  walk  not  so  much  on  terra  firma  as  on  a  con- 
tinuous roof.  These  subterranean  channels  date  from  the  times  of 
Arcadius,  Theodosius  and  Constantine  ;  the  roofs  are  arched,  sup- 
ported by  pillars  with  exquisitely  carved  capitals.  There  is  an  air  of 
mystery  surrounding  these  unpenetrated  halls  of  waters.  Many  years 
ago  a  rash  young  Englishman  set  out  in  a  little  boat  on  a  voyage  of  dis- 
covery, though  warned  by  his  friends.  He  bade  them  good-bye,  laugh- 
ing gaily  and  telling  of  the  wonders  he  should  have  to  relate  when  he 
should  return,  but  he  was  never  seen  again. 

There  is  in  Egypt  a  remarkable  hydraulic  work,  the  lake  of  Moeris. 
M.  Linant,  a  French  engineer,  was  the  first  to  determine  its   character* 
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The  object  of    its  construction  was  to  regulate  the  irrigation  of  the 
Feiyoom,  and  it  should  be  called  a  reservoir  rather  than  a  lake. 

But  not  man  alone,  but  the  workers  in  the  insect  world,  can  bring  us 
down  from  our  pinnacle  of  vaunted  superiority.  The  bee  is  a  mathema- 
tician of  a  high  order,  and  understands  protoplasms  better  than 
Darwin.  He  understands  stowage,  too,  better  than  any  ship  captain. 
He  makes  the  roof  of  his  cell  with  three  convergent  planes,  each  one 
exactly  70  degrees,  or  110  degrees  convergent,  and  throughout,  the  cells 
for  drones  and  for  female  workers  are  precisely  the  same  size.  He  makes 
and  stores  his  cells  in  hexagons  of  perfect  form,  both  for  strength  and 
stowage.  He  uses  his  sucking  apparatus  as  if  he  understood  the  laws  of 
atmospheric  pressure. 

The  ant  is  no  insignificant  engineer.  Ant  hilis  in  America  are  con- 
structed as  cities  four  square,  and  in  Africa,  we  are  told,  ants  build 
mounds  of  great  size  and  regular  form.  The  ant  is  an  example  to  many 
of  us  in  the  engineering  profession  who  are  somewhat  lacking  in  activ- 
ity, and  we  would  do  well  to  take  the  advice  of  the  Scripture,  "Go  to 
the  ant,  thou  sluggard."  The  beaver  is  a  good  pile  driver  and  house 
builder,  as  well  as  plasterer,  and  makes  careful  surveys.  We  might 
learn  much  engineering  skill  from  studying  the  habits  of  animals. 
Jeroboam  was  Solomon's  engineer,  and  we  know  that  Solomon  wrote 
many  books  upon  plants  and  natural  history,  and  I  have  no  doubt  that 
his  engineer  profited  by  the  knowledge.  We  have  read  of  "  King  Solo- 
mon's mines."  Perhaps  we  might  get  a  lesson  in  mining  engineering 
from  that  many  gifted  sage. 

A  friend  of  mine  has  invented  seven  aerial  ships  and  he  has  made  a 
study  of  the  eagle.  If  any  of  you  want  to  invent  a  flying  machines,  go 
to  the  eagle  or  some  other  bird.  If  you  want  to  invent  a  first-class  div- 
ing apparatus,  go  to  the  fish.  How  many  engineers  who  plan  an  inven- 
tion overlook  what  has  been  done.  I  have  often  noticed  this  lack  of  ob- 
servation. We  have  all  known  instances  of  inventions  made  or  adopted 
by  engineers,  when  almost  the  acme  of  perfection  in  that  line  had  been 
reached,  and  what  appeared  to  be  a  new  invention,  was  but  an  inferior 
adaptation  of  the  earliest  stages  of  knowledge.  We  would  ridicule  the 
mechanical  engineer  who  should  ignore  the  fact  that  locomotives  existed 
now  and  should  build  one  of  rude  form.  Yet  as  great  instances  as  this  of 
folly  in  making  inventions  have  occurred  from  lack  of  observation.  But 
if,  as  Solomon  said,  "  there  is  nothing  new  under  the  sun,"  we  have  a 
wide  field  for  the  talent  of  the  engineer  in  making  new  applications  of  old 
principles  and  methods.  Many  a  man  has  made  money  and  reputation 
by  adapting  the  principles  of  another's  invention,  when  the  originator 
passed  away  unrewarded  and  unknown  to  fame.  Probably  the  greatest 
field  to-day  for  engineering  talent  is  in  developing  methods  originated 
by  others  but  never  wrought  out  fully. 

A  mark  of  a  great  engineer  is  to  undertake  things  considered  impossi- 
ble by  his  fellows.  Many  great  engineering  projects  have  been  accom- 
plished by  men  who  were  not  engineers.  De  Lesseps  was  only  a  diplo- 
mat, but  he  conceived  a  great  engineering  scheme,  and  by  his  determina- 
tion and  industry  he  cut  the  tongue  of  the  Egyptian  sea.  Now  he 
proposes  to  sever  the  continents  of  North  and  South  America.    Time  will 
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show  whether  here  he  is  an  engineer  or  an  adventurer.  Eads,  who  built 
the  iron  clads  of  the  Mississippi,  who  spanned  that  river  with  a  magnifi- 
cent steel  bridge,  who  made  the  port  of  New  Orleans  navigable  for  the 
greatest  ships  of  the  world,  and  who  conceived  ,the  stupendous  thought 
of  carrying  ships  like  the  Great  Eastern  across  the  Isthmus  of  Tehuante- 
pec  on  wheels,  was  a  manufacturer  of  steamboats  and  mechanical  engi- 
neer of  the  firm  of  Eads  &  Nelson,  of  St.  Louis.  He  had  a  great  engi- 
neering mind  truly,  but  it  required  the  calculations  of  a  Chauvenet  and  a 
Flad  to  enable  him  to  put  up  hisbridge,'of  a  Lewis  to  locate  his  line,  of  a 
Williams  and  a  Corthell  as  engineers  at  the  jetties  as  well  as  at  Tehuan- 
tepec.  Some  men  are  born  engineers;  Stephenson,  for  example.  And 
we  may  well  revere  them  as  the  ancients  did  their  heroes,  for  it  would 
seem  as  if  Providence  had  brought  them  forward  at  certain  crises  in  the 
world's  history  to  accomplish  great  works.  We  think  with  astonishment 
of  the  knowledge  of  a  Newton  or  a  Laplace  who  could  tell  us  to  the  frac- 
tion of  a  grain  how  much  a  pound  on  the  earth  would  weigh  in  the  sun 
or  any  planet,  and  who  calculated  and  reduced  to  such  a  perfect  system 
the  motions  and  periodicity  of  the  heavenly  bodies  that  the  navigator  to- 
day can  tell  to  a  small  fraction  of  a  mile  the  position  of  his  ship  with  as 
much  certainty  almost  as  we  can  calculate  the  position  of  a  train  as  it 
passes  over  the  earth. 

If  I  were  to  recount  the  engineering  schemes  of  to-day,  I  should  simply 
have  to  repeat,  for  the  most  part,  what  has  been  said  by  the  presidents 
of  various  engineering  societies  and  others  in  their  addresses,  yet  at  the 
risk  of  repetition,  I  must  mention  some.  One  of  the  most  remarkable 
changes  in  the  engineering  of  the  day  has  been  introduced  by  means  of 
electricity,  and  another,  by  the  discovery  of  natural  gas.  A  positive 
revolution  is  taking  place  in  our  methods  of  construction  and  of  manu- 
facture, and  it  occurs  so  rapidly  that  we  are  not  able  to  take  it  in. 

At  the  beginning  of  the  present  year  there  were  about  forty  parent 
companies  selling  electric  light  apparatus  in  the  United  States.  The  total 
capital  mvested  in  producing  the  apparatus  and  in  supplying  the  light 
locally  is  estimated  at  from  $100,000,000  to  $125,000,000.  There  are  about 
700  local  electric  light  companies  and  about  100  gas  companies  also  supply- 
ing electric  light.  About  seven  years  ago  I  used  sometimes  to  go  to  see  Mr. 
Brush  in  a  little  shop  where  he  was  making  experiments  with  his  elec- 
tric light  we  all  know  the  wonderful  development  that  has  resulted  from 
his  work.  About  the  same  time,  the  system  of  Edison  came  into  vogue, 
and  in  1886,  Edison  had  702  plants;  he  has  probably  1,000  to-day.  There 
are  over  750,000  incandescents  in  this  country,  and  about  100,000  arc 
lights  are  burning  nightly.  In  1886,  incandescent  lights  fed  from  second- 
ary batteries  were  introduced  on  several  railroads  in  New  York  and  New 
England,  and  the  work  is  growing. 

Forty-eight  years  ago  In  Washington  City  I  saw  a  train  run  by  elec- 
tricity, the  invention  of  Professor  Page,  of  Washington.  It  ran  round 
a  circle  and  was  a  perfect  success.  The  only  difficulty  was  the  cost.  The 
cost  of  furnishing  power  for  electric  railways  now  does  not  exceed  $3.50 
to  $3  per  day  per  car,  while  the  total  cost  of  horse-cars  per  day  is  from 
$6.50  to  $9.50.  The  total  of  passengers  carried  in  1886  by  electric  street 
railways  in  the  United  States  was  over  1,000,000.    The  roads  now  in  con- 
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struction  will  double  these  figures  in  1887.  There  are  now  from  ten  to 
twelve  electric  railway  systems.  Europe  has  eleven  electric  railways,  all 
built  within  three  years.  The  first  in  operation  in  this  country  was  at 
Chicago,  February,  1883,  with  400  feet.  I  have  no  doubt  that  the  heating 
and  lighting  of  railroads  throughout  the  world  will  be  accomplished  by 
electricity  in  a  short  time.  I  think  that  one  of  the  great  uses  of  elec_ 
tricity  will  be  in  mining  engineering,  the  power  being  transported  from 
turbine  wheels  to  great  distances,  small  electric  wires  carrying  it  from 
the  dynamo  right  to  the  motor  at  breast  of  the  tunnel.  This  will  be 
specially  useful  in  places  where  water-power  cannot  be  obtained.  This 
would  seem  to  be  a  simpler  method  of  handling  electricity  than  by  carry- 
ing air  in  pipes.  The  use  of  electricity  will  enlarge  the  work  of  engi- 
neers, and  they  must  bring  their  minds  to  a  consideration  of  its  uses. 

Almost  simultaneously  with  the  developments  of  electricity  have  come 
the  discoveries  of  natural  gas.  These  have  been  treated  extensively  by 
our  engineers,  yet  the  gas  engineer  has  scarcely  arisen,  he  is  scarcely 
fledged.  The  perfecting  of  drilling  and  the  piping  to  great  distances  are 
questions  of  the  utmost  importance  to  the  engineer.  Economy  in  using 
the  substance  and  its  multiplication  by  mechanical  appliances  are  prob- 
lems not  yet  solved.  A  15,000,000  well,  the  roar  of  which  can  be  heard 
from  15  to  20  miles,  has  been  many  times  duplicated,  but  the  subject  is 
yet  ill  its  infancy,  for  all  the  holes  bored  for  gas  throughout  the  country 
would  not  fill  a  house  lot  on  Euclid  avenue.  We  can  afford  to  give  this 
planet  a  good  deal  more  ventilation  yet.  The  use  of  this  substance  has 
brought  down  the  price  of  oil,  and  in  seeking  for  gas  large  quantities  of 
oil  have'been  found.  This  brings  us  to  what  we  have  long  foreseen,  the 
use  of  oil  in  locomotives.  Years  ago  I  called  the  attention  of  the  master 
mechanic  of  the  Erie  to  the  certainty  of  the  use  of  oil  in  this  way,  but  it 
is  only  within  a  few  days  that  it  has  been  accomplished  practically.  It 
cannot  be  long  before  railways  are  equipped  with  oil  fuel  locomotives, 
and  the  destruction  of  the  fine  parts  of  the  machinery  and  the  discomfort 
of  passengers  from  coal  cinders  will  vanish. 

I  am  glad  to  be  able  to  state  that  the  railroad  construction  in  the 
United  States  for  the  first  six  months  of  this  year  shows  a  probability 
that  the  total  construction  for  1887  will  be  as  great,  if  not  greater,  than 
in  any  year  since  since  the  inauguration  of  railroads.  Ln  the  past  six 
months  tracklaying  has  been  going  on  in  37  States  on  136  lines,  adding 
8,754  miles  of  main  track  to  our  railway  system.  Thisis  a  larger  showing 
of  new  construction  than  in  any  previous  year  except  1882,  when  nearly 
5,000  miles  were  laid  in  the  first  six  months,  and  11,563  in  the  year.  The 
returns  for  the  first  half  of  1886  were  only  for  1,755  miles,  while  the  work 
of  the  year  was  about  8,500  miles.  The  railway  system  of  the  United 
States  now  aggregates  141,300  miles. 

Among  the  great  railway  projects  of  the  day  is  one  along  the  Congo 
River,  in  Africa.  A  party  has  been  sent  from  Belgium  by  the  Congo 
Company  to  make  an  examination  of  the  river  and  to  specially  survey 
a  route  for  a  railway  round  the  cataracts,  which  extend  for  over  200 
miles.  This  seems  like  the  beginning  of  a  movement  for  opening  up  the 
interior  of  Africa.  It  is  announced  that  the  Chinese  Government  will 
soon  begin  to  construct  a  railway  from  Tientsin  to  Pekin  and  has  asked 
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bids  for  the  work,  which  is  to  be  finished  in  two  years.  Railroad  con- 
struction is  going  on  in  Brazil  and  other  parts  of  South  America,  though 
the  conditions  there  are  not  so  favorable  and  the  extension  is  slower  than 
in  this  country. 

A  road  is  now  under  construction  in  Japan  which  will  give  continuous 
communication  of  some  six  or  seven  hundred  miles,  with  side  branches 
additional.  The  railways  generally  run  parallel  to  the  mountains  and 
alongside  the  sea.  The  steepest  grade  in  crossing  the  mountains  is  1  in 
40.  The  engines  for  the  Japanese  system  are  built  in  England,  though 
the  cars  are  now  made  in  Japan. 

Hawaii  now  has  twenty  miles  of  3-foot  gauge  road,  and  Maui,  fifteen 
miles.  Seventy  miles  more  will  be  built  and  equipped  with  American 
rolling  stock. 

Russia  is  constantly  organizing  plans  for  a  comprehensive  system  of 
new  lines.  A  road  has  been  planned  from  Orenburg,  in  the  southwest, 
across  Siberia  via  Tobolsk  and  Lake  Baikal  to  North  China  and  the 
Pacific.  Only  scraps  of  these  have  been  built  and  their  outcome  is  doubt- 
ful. A  road  is  soon  to  connect  Astrakhan  with  Central  Asia,  which  will 
bring  the  industries  of  Turkestan,  Afghanistan,  and  Persia  yet  more 
under  Russian  influence.  The  Russian  Government,  seeing  the  abuses 
connected  with  private  management  of  roads,  has  increased  its  influence 
over  existing  lines,  and  all  roads  now  in  process  of  construction,  are  state 
roads.  By  a  general  railroad  law  of  June  12,  1885,  an  attempt  has  been 
made  at  a  uniform  regulation  of  all  traffic  on  public  and  private  roads. 
In  accordance  with  this  a  railroad  commission  has  been  appointed  with 
power  to  examine  and  in  some  cases  to  control. 

In  the  line  of  surveying  the  use  of  stadia  now  renders  preliminary 
surveys  cheaper  and  more  rapid,  so  that  a  preliminary  estimate  may  be 
now  made  with  one-fourth  of  the  time  and  cost  of  previous  days.  The 
method  recently  explained  to  us  by  Professor  Stock  well,  of  using  the  tele- 
scopes for  measuring  angles  or  distances  upon  the  earth,  should  enable 
us  with  more  economy  and  greater  rapidity  to  measure  latitude  and 
longitude.  But  not  only  can  we  survey  the  surface  of  the  earth;  the  in- 
terior also  may  be  explored,  and  I  trust  that  I  may  be  pardoned  for 
alluding  to  a  subject  which  has  been  so  interesting  and  valuable  to  me. 
About  ten  years  ago  I  wrote  substantially  as  follows  to  Mr.  Rossiter  Ray- 
mond :  "  I  now  say  that  the  time  is  not  far  distant  when  we  can  survey 
the  interior  of  the  earth  and  discern  the  substances  in  it  as  accurately  as 
we  now  do  its  surface."  Mr.  Raymond,  in  answer  to  this,  not  long  ago, 
undertook  to  ridicule  the  whole  subject  and  to  teach  the  public  what  I  did 
not  know.  It  is  surely  a  great  mistake  for  any  one  to  undertake  to  teach 
on  a  subject  of  which  he  has  no  experimental  knowledge.  This,  of 
course,  is  personal,  but  as  I  have  already  appeared  on  this  subject  before 
you,  I  have  reason  to  believe  that  it  will  not  be  devoid  of  interest  for  you 
in  more  extended  lines.  I  bring  you  here  a  chart  of  a  territory  that 
I  have  lately  surveyed.  It  is  a  coal  territory  that  I  laid  out, 
though  I  did  not  see  it  with  my  eyes.  Many  holes  had  already  been 
bored  and  the  coal  found,  but  of  this  I  knew  nothing.  I  was  taken 
to  a  hole  which  was  being  bored,  and  was  asked  if  coal  could  be 
found  at  that  point.     I  said  that  the  coal  would  be  found  at  226  feet. 
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with  a  thickness  of  four  feet.  I  afterward  visited  some  12  to  15  points, 
and  gave  depth  and  thickness  correctly  where  holes  had  been  bored.  I 
was  then  informed  that  coal  had  been  found  at  the  place  first  visited, 
and  that  the  depth  and  thickness  given  by  me  were  correct.  In  all  but 
two  instances  I  was  correct.  The  mine  as  you  see  it  on  the  map  was 
outlined  by  me  for  a  distance  of  more  than  a  mile  and  a  half.  Time  will 
prove  whether  my  outline  will  be  found  correct  in  all  particulars.  It  is 
therefore  for  examination  at  a  future  day.  If  any  one  should  desire  fur- 
ther information  upon  this  subject,  I  can  refer  him  to  the  parties  who 
accompanied  me.  Now,  this  surveying  of  the  interior  of  the  earth  is 
either  a  fact  or  it  is  not.  If  it  is  a  fact,  then  it  is  well  worthy  of  your 
attention  as  engineers  ;  if  it  is  not,  then  the  sooner  the  fallacy  is  exploded 
the  better.  For  my  own  part,  I  have  no  doubt  that  it  is  a  truth  and 
that  it  is  in  the  power  of  man  to  discern  metals,  coal,  gas,  water,  in  the 
interior  of  the  earth  without  the  aid  of  the  eye  or  the  use  of  transit  or 
level,  though  these  are  important  as  adjuncts  in  indicating  the  surface 
lines.  I  have  not  attempted  in  this  brief  paper  to  treat  the  subject 
scientifically,  but  simply  wish  to  give  you  a  thought  or  two  for  your  con- 
sideration. 

I  have  thrown  out  these  few  thoughts  for  your  consideration  with 
the  hope  that  they  may  elicit  some  useful  discussion  ;  if  so,  I  shall 
be  well  repaid  for  the  brief  time  that  I  have  been  able  to  give  to  this 
paper. 


DISCCrSSION  OF  MR.    CHARLES  LATIMER'S  PAPER, 

At  the  conclusion  of  which  he  exhibited  a  map  of  a  coal-field  that  he 
had  surveyed  by  the  indications  of  the  divining  rod. 

Mr.  Yarney:  From  what  Mr.  Latimer  has  said  it  would  appear  that  the- 
parties  accompanying  him  knew  the  depth  and  thickness  of  the  coal, 
though  he  did  not,  except  by  the  test  of  his  mind.  The  truth  of  his 
statements  was  verified  by  these  parties.  Would  it  not  be  possible  to 
account  for  these  facts  by  the  supposition  that  he  obtained  his  knowl- 
edge from  the  minds  of  the  people  with  him. 

Mr.  Latimer  :  I  have  made  experiments  both  with  people  who  knew 
the  facts  and  with  those  who  did  not ;  I  think  I  may  say  that  I  have 
more  often  been  correct  in  the  former  case.  It  may  be  that  an  impres- 
sion has  been  conveyed  to  me  from  the  minds  of  those  with  me,  but  in 
this  case  I  came  to  a  hole  where  I  gave  the  thickness  correctly,  but  they 
said  that  my  depth,  237  feet,  was  wrong,  that  the  coal  had  been  struck 
at  250  feet.  Upon  examination  afterward,  it  was  found  that  the  coal 
had  been  struck  at  236  feet;  therefore,  if  I  had  obtained  my  knowledge  by- 
mind  reading  I  would  have  been  14  feet  in  error,  whereas  I  made  only  a 
mistake  of  one  foot.  Five  years  ago,  accompanied  by  Professor  Harding, 
of  the  Brooks  school,  and  one  of  the  gentlemen  who  was  with  me  at  this 
last  trial,  I  went  over  a  coal  territory  two  miles  and  a  half  from  this  one 
and  blazed  the  trees  with  an  axe.  Two  years  after,  I  went  over  the  same 
ground  with  the  superintendent  and  remarked  :  "You  have  taken  out 
the  coal."  He  replied  that  he  had  and  showed  me  that  it  had  been  found 
at  the  spots  that  I  had  blazed.     I  have  been  mistaken  both  when  there 
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were  persons  with  me  who  knew  the  ground,  and  when  I  have  been 
alone,  and  I  have  made  accurate  tests  when  alone  and  in  company.  I 
believe  that  the  mind  does  perceive  what  is  beneath  the  surface. 

Mr.  Varney:  With  regard  to  a  statement  in  the  early  part  of  your 
paper,  how  nearly  did  you  say  that  a  navigator  could  locate  the  position 
of  his  ship  ? 

Mr.  Latimer  :  I  could  locate  it  within  600  feet.  I  would  not  do  it  with 
a  lunar  observation,  but  with  a  chronometer  and  sextant. 

Mr.  Varney:  Do  I  understand  you  that  it  is  the  practice  with  seafar- 
ing men  to  locate  as  closely  as  that  ? 

Mr.  Latimer  :  No  ;  about  a  quarter  of  a  mile  is  usual. 

Mr.  Sargent :  The  condition  of  the  sea  would  make  some  difference. 

Mr.  Latimer  :  Certainly ;  it  could  not  be  done  in  a  gale  of  wind  or 
without  a  clear  horizon. 

Mr.  John  Walker  :  Mr.  Latimer  is  the  second  person  whom  I  have 
known  who  has  made  use  of  the  divining  rod.  In  Baltimore  I  had  a  well- 
digger  go  over  some  property  and  mark  the  spots  where  there  was  a 
strong  influence  of  water.  When  he  had  so  marked  them  he  gave  me 
the  twig  to  see  if  I  felt  the  influence.  At  first  the  twig  made  no  move- 
ment, but  afterward  'it  turned  over  the  strong  water  streams.  We 
found  abundance  of  water  at  the  places  indicated.  By  way  of  experi- 
ment I  had  a  well  dug  at  a  spot  that  he  said  was  barren,  and  no  water 
could  be  found  there. 

Mr.  Searles  :  Did  he  tell  you  in  advance  the  depth  at  which  it  would 
be  found? 

Mr.  Walker  :  Yes,  sir. 

Mr.  Searles  :  It  is  very  gratifying  to  me  to  see  this  method  of  investi- 
gation taken  out  of  the  realm  of  the  magical  and  placed  among  the 
verities  of  science.  In  ancient  times  it  was  known  that  a  piece  of  amber 
when  rubbed  would  attract  substances  to  itself,  and  that  was  the  origin 
of  our  knowledge  of  electricity.  So  this  mental  action  by  which,  under 
proper  conditions,  substances  below  the  surface  of  the  earth  may  be  dis- 
cerned, though  it  is  little  understood  at  present,  may  lead  to  great  dis- 
coveries in  the  future.  The  action  of  mind  upon  mind  has  been  studied 
by  the  so-called  "  mental  philosophers."  But  it  is  only  within  the  pres- 
ent century  that  mind  has  been  studied  from  a  scientific  standpoint,  as  if 
it  were  a  machine.  In  this  case,  as  Mr.  Latimer  has  said,  though  a  sim- 
ple twig  is  held  in' the  hand  as  an  indicator,  the  action  is  in  the  mind  of 
the  operator.  I  am  told  that  the  operation  is  very  exhausting.  It  is  no 
child's  play  to  locate  a  vein  of  coal  below  the  surface  of  the  earth.  You 
will  observe  that  the  depths  given  for  the  coal  vary  greatly,  but  the  pro- 
file shows  an  almost  horizontal  body  of  coal.  So  far  as  the  drillers  have 
yet  penetrated,  with  perhaps  two  exceptions  out  of  nearly  a  score,  all 
the  depths  given  are  correct.  It  would  appear,  therefore,  that  there  is  a 
system  that  may  be  reduced  to  a  scientific  basis.  It  seems  to  be  worthy 
of  serious  consideration,  and  much  may  be  developed  from  it.  The 
societies  for  psychical  research  in  London  and  Boston  are  doing  a  very 
important  work  in  collecting  facts  with  regard  to  various  sorts  of  de 
batable  phenomena,  proving  them  to  be  facts,  classifying  them  and  put- 
ting them  upon  record. 
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Mr.  Sargent  :  Did  Mr.  Latimer  notice  any  difference  in  the  action  of 
the  twig  over  different  substances,  as  coal,  gas,  or  iron  ? 

Mr.  Latimer:  None  whatever.     The  mind  appears  to  discern. 

Mr.  Baker:  It  appears  strange  that  as  the  depth  in  most  of  these  cases 
was  correct,  as  well  as  the  thickness,  that  there  should  be  any  errors.  It 
seems  that  there  may  be  some  truth  in  Mr.  Varney's  idea  of  unconscious 
mental  influence  from  those  present,  or  perhaps  knowledge  derived  from 
geological  observations  may  be  an  assistance. 

Mr.  Latimer:  Mr.  Rossiter  Raymond,  who  without  any  experimental 
knowledge  on  this  subject,  ridiculed  it,  has  lately  written  a  little 
pamphlet  on  "  indicative  plants,"  which  I  would  recommend  to  your 
attention.  He  quotes  Agricola  with  reference  to  the  natural  discovery  of 
veins  by  observation  of  the  plants  and  trees  above  them.  He  gives  an 
instance  of  an  iron  ore  vein  in  Germany,  near  Siegen,  which  can  be 
traced  nearly  two  miles  by  birch  trees  growing  on  its  outcrop,  while  the 
remainder  of  the  country  is  covered  with  oak  and  beech.  When  I  was 
last  at  the  coal  mine  in  Youngstown,  I  asked  the  superintendent  if  he 
had  ever  observed  any  peculiarity  in  the  vegetation  above  coal  veins.  He 
said  that  he  frequently  noticed  that  tansy  grew  there.  A  German  came 
into  my  office  the  other  day  and  informed  me,  that  knowing  that  I  was 
interested  in  such  subjects,  he  wished  to  call  my  attention  to  the  fact 
that  above  gas  or  oil  veins  a  certain  brown  grass  flourished.  He  did  not 
know  its  name.  I  did  not  recognize  it  from  his  discription,  but  will  look 
for  it.  I  think  it  is  advisable  to  study  every  indication,  though  in  loca- 
ting veins  I  have  depended  entirely  on  the  action  of  my  mind. 

Mr.  Walker  :  Persons  who  have  paid  attention  to  it  can  tell  the  quality 
of  the  ground  on  which  various  kinds  of  wood  have  grown,  even  after 
the  wood  has  been  used  for  furniture.  Ash,  for  instance,  will  be  more 
closely  marked  the  tougher  the  ground  has  been. 

Mr.  Sargent  :  There  is  one  thing  that  seems  to  militate  against  that 
theory  of  indicative  plants.  When  vegetation  of  one  kind  has  been  cut 
off  another  kind  succeeds.  In  a  district  on  Lake  Superior,  where  nothing 
but  evergreen  bad  grown,  after  the  fires  had  swept  away  the  vegetation, 
a  thicket  of  white  birch  came  up.  Pine  has  been  swept  away  and  oak 
has  succeeded  it.  The  second  growth  would  appear  to  have  sprung  from 
seed  that  had  lain  dormant. 

Mr.  Latimer  :  The  chemical  changes  in  the  ground  induced  by  the  fire 
probably  made  it  more  favorable  for  the  growth  of  a  different  vegetation. 

Mr.  Searles  :  As  it  seems  to  be  proved  that  distances  can  be  determined 
vertically  downwards  by  the  method  described  by  Mr.  Latimer,  would  it 
not  be  possible  to  determine  distances  horizontally  in  the  same  way  ? 

Mr.  Latimer  :  A  pretended  adept  on  this  subject  claimed  that  he  could 
locate  amine  without  going  near  the  place,  and  could  in  the  same  way  tell 
where  water  could  be  found.  I  do  not  consider  that  legitimate  or  possible, 
neither  would  I  expect  to  be  able  to  give  a  distance  horizontally. 

Mr.  Searles  :  As  one  mind  can  act  upon  another  at  a  distance,  why 
might  not  an  impression  be  received  from  coal  at  a  distance  also?  The 
impression  is  received  from  a  distance  vertically  downwards  ;  why  may 
not  the  same  thing  be  true  when  the  vertical  line  is  changed  to  the  hori- 
zontal ? 
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Mr.  Baker  :  Did  Mr.  Latimer  ever  locate  a  field  of  coal  or  any  other 
mineral,  and  give  an  estimate  of  the  depth  and  thickness  of  veins  before 
any  drilling  was  done  ?  If  so,  was  the  indication  afterwards  proved  to 
be  correct  ? 

Mr.  Latimer  :  Yes.  I  once  located  a  place  for  the  gentleman  for  whom 
I  made  this  map.  The  vein  had  been  lost.  I  marked  the  spot  were  it 
would  be  found,  and  gave  the  depth  as  235  feet,  thickness  of  coal  5  feet. 
It  was  marked  plainly  at  the  time  on  a  map,  and  the  coal  was  afterwards 
found  exactly  as  I  had  predicted.  I  have  done  similar  things  many 
times. 

Mr.  Whitelaw  :  How  much  further  will  the  EoUing  Mill  Company 
have  to  drill  before  they  find  gas? 

Mr.  Latimer :  I  think  the  gas  is  close  below  the  bottom  of  the  tools. 
There  is  a  rock  pressure  now  of  about  500  pounds.  The  gas  comes  up 
through  800  feet  of  water,  and  below  that  it  has  to  ooze  past  the  tools, 
which  fill  the  bottom  of  the  well  to  about  50  feet.  There  is  also  10  feet  of 
whipstock.  The  rod  indicates  that  the  gas  will  be  found  at  about  3,360 
feet  at  farthest. 


HYDRAULIC  MOTION. 


Bt  Samuel  McElroy,  Member  of  the  Western  Society  of  Engineers. 

[Read  May  3,  1887.1 


The  anomalous  condition  of  the  science  of  hydraulic  flow  at  present, 
is  quite  evident  to  those  who  are  required,  from  time  to  time,  to  apply 
received  formulae  to  experimental  results.  While,  in  some  cases,  close 
correspondence  occurs,  in  others  there  are  serious  discrepancies,  and  the 
causes  need  close  study. 

It  must  be  admitted  that  experimental  tests,  which  form  the  only 
true  basis  of  any  theory,  have  been  much  neglected,  or  conducted  at 
times  on  a  very  inadequate  scale  When  we  see  a  profound  student 
like  Weisbach,  correcting  the  conclusions  of  Couplet,  Bossut  and  Du 
Buat,  with  tubes  of  1.06  to  5.31  inches  diameter  ;  or  Messrs.  Humphreys 
and  Abbot,  with  all  the  Government  appliances  at  command,  abandon- 
ing actual  observations  below  certain  depths  to  show  their  faith  in  the 
parabolic  theory  of  velocities  on  a  fluctuating  river  of  enormous  section, 
we  find  much  to  regret  ;  nor  is  it  more  comfortable  to  find  formulae  fre- 
quently modified  to  suit  special  experiments. 

Since  our  usual  formulae  assume  certain  laws  of  motion,  as  applied  to 
channels  and  pipes,  in  cases  where  dissimilar  modes  of  motion  may 
exist,  which  are  not  carefully  presented  by  our  usual  authorities,  the 
object  of  this  paper  is  to  discuss  the  general  principles  of  hydraulic 
motion,  as  furnishing  the  true  guides  to  experiments  and  formulae,  under 
the  following  heads  : 

Practical  Illustrations  of  Flow. 

Four  Modes  of  Water  Motion. 

Received  Theories. 

Tests  of  Theories. 

Conclusion. 
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PRACTICAL  ILLUSTRATIONS  OF  FLOW. 

""  This  paper  not  being  intended  to  discuss  hydraulic  experiments  or  their 
formulae,  a  few  illustrations  of  relative  comparison  will  be  given,  in  con- 
nection with  the  main  argument,  as  to  pipes,  races,  canals  and  aqueducts. 
For  convenience  and  simplicity,    the    comprehensive   Chezy    formula 

V  =  C  VRI,  with  "Weisbach's  co-efficient,  92.66,  is  used  as  a  basis  in  some 
cases  mentioned. 

Pipes :  Rochester— Feeding  mains  of  wrought  iron,  50,776  feet  36-inch, 
27  feet  fall,  with  various  bends,  reducing  into  a  24-inch  51,495  feet  long  ; 
fall,  116.72  feet ;  discharge  into  Rush  Reservoir,  prism  measurement,  with 
no  allowance  for  absorption  on  a  new  wall,  9,292,800  gallons,  14,378  cubic 
feet  per  second  ;  velocity  of  36-inch,  2.034  feet  per  second  ;  24-inch,  4.577 
feet.  As  analyzed  by  Chief  Engineer  Tubbs  (Annual  Report,  Jan.  1, 
1877,  p.  63),  the  increase  over  usual  formulae  was  :  Proiiy,  37.97  per 
cent.;  d'Aubuisson,  37.35;  Weisbach,  25.52;  Eytelwein,  25.25;  Grashof, 
35.01  ;  d'Arcy,  16.83  ;  Lampe,  6.41. 

Brooklyn  pumping  main  (1859) :  36-inch,  3,450  feet  long,  3.018  feet  per 
second  ;  two  check  valves,  one  curve  800  feet  radius ;  mean  frictional 
head,  4.71  feet ;  co-efficient,  94.34. 

Fanning  (Hydraulic  Eng.,  p.  254)  :  For  a  pipe  under  same  head 
and  length,  one  foot  diameter,  10,000  feet  long,  velocity  by  Du  Buat, 
3.978  feet  per  second  ;  D'Aubuisson,  4.78  ;  Prony,  4.842  ;  Chezy,  Jackson 
and  Leslie,  5  ;  d'Arcy,  5.464,  or  37,2  per  cent,  extreme  range.  Constant 
used  by  him  (p.  238)  for  20-inch   main,  26.16  feet  head,  is   v  =  110.628 

VR  I,  or  about  19.39  per  cent,  above  our  92.66. 

Mill  Races  :  Where  penstocks  are  making  variable  drafts  on  a  race, 
negative  first  order  waves  are  produced,  and  bottom  or  side  velocities 
frequently  exceed  those  of  the  surface  ;  other  causes  may  produce  simi- 
lar results. 

Lowell  (Francis).  Flume  10  feet  wide,  about  8  feet  deep  ;  mean  velocity, 
3.98  feet  per  second  ;  channel  velocities  were  irregular  ;  mean  surface 
velocity,  about  6.28  per  cent,  less  than  flume  mean  ;  sides  sometimes  ex- 
<jeeded  central  velocity.  Flume  20  feet  wide,  central  2.9  to  4.3  per  cent, 
above  section  mean  velocity  ;  discharge  by  weir  ;  slope  not  reported. 
(Lowell  Hyd.  Expts.,  pp.  149-153.) 

Hydixmlic  Canal,  Niagara:  In  a  number  of  observations  made  for  an 
expert  case,  a  section  450  feet  long,  37.13  feet  average  width;  average 
depth,  8.75;  slope,  .00024;  wet  perimeter,  55  feet;  the  mean  velocity  was 
low,  2.5  feet  per  second,  giving  a  constant  of  about  70.  Bridge  obstruc- 
tions and  side  and  bottom  irregularities  occurred  on  a  line  of  about  4,000 
feet,  but  the  low  results  were  a  surprise  to  me. 

Erie  Canal.— In  1841  Eytelwein's  formula  (R  I  -  .000024265  v  + 
,000114155  v'^  feet  per  minute),  was  used  by  Division  Engineer  O.  W. 
Cbilds  to  determine  the  difficult  problem  of  the  Western  Division  sup- 
ply from  Lake  Erie,  for  about  62.5  miles.  Tests  reported  in  1878,  by 
Division  Engineer  W.  H.  Searles  for  section  at  Lockport  of  693.68  square 
feet  (assumed  643.68,  or  7.7  per  cent,  increase);  surface  width,  96.46,  as  as- 
sumed; fall  in  62.5  miles,  3.165  feet  (assumed,  3.068);  discharge,  actual, 
33,755  cubic  feet  per  minute  (calculated,  25.450),  or  32.3  per  cent,  in- 
crease. 
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In  the  Croton  and  Boston  reports  Mr.  Jervis  states  that  Erie  Canal 
feeder  experiments  show  an  excess  over  the  formula. 

Aqued2icts — Croton  :  From  the  first  observation  of  1842  the  flow,  with 
a  shallow  depth,  was  assumed  at  15  per  cent,  increase.  With  a  depth  of 
2  feet,  the  following  tabic  makes  the  increase  over  the  Chezy  constant 
35. 69  per  cent. 

This  table  is  based  chiefly  on  Chief  Engineer  Newton's  report  of  Febru- 
ary, 1882,  giving  depths  at  Sing  Sing,  and  flow  at  various  dates  from  1868 
to  1881.  Aqueduct  section,  semi-circular  arch  :  Diameter,  7.416  feet;  chord 
width,  lower  segment,  6.75  feet ;  height,  8.46  feet,  internal ;  slope,  .00021. 
The  deduced  velocities  make  it  evident  that  the  statement  of  flow  can 
only  be  taken  as  approximately  correct : 

CROTON  AQUEDUCT  FLOW. 
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a  Report,  August  2,  1842. 

b  Report  Chief  Engiceer  E.  H.  Tracy,  September,  1873. 


Boston  :  Aqueduct  oviform,  5  feet  base  diameter,  6.33  feet  high;  slope, 
0.264  feet  per  mile  ;  fall  in  14,627  miles,  4.26  feet;  estimated  flow  at  46 
inches  depth,  in  1844.  7,109,000  gallons;  in  1845  (Jervis),  8,305,000  ;  actual, 
1853,  10,346,300;  45.39  percent,  increase.  In  1863,  under  16  inches  head, 
the  flow  was  taken  at  16,500,000  gallons. 

DorcJiester  Bay  Tunnel  Sewer :  7.5  diameter;  length,  7,160  feet,  constant 
August  26,  1886,  117.78 ;  September  25,  121.46 ;  October  20,  107.45. 
(Erig.  News,  1887,  p.  208).  Not  half  full,  with  considerable  velocity  and 
sewage  flow,  may  in  part  explain  alow  constant. 

Washington  :  Main  aqueduct,  9  feet  diameter,  in  brick  ;  part  in  ma- 
sonry, 9.75  feet ;  1,880  feet  inlet  in  rock  tunnel,  about  11  feet  diameter  ; 
length,  56,090  feet ;  slope,  .00002042  for  1.36  feet  hydraulic  head,  aque- 
duct submerged  ;  flow  (1881),  26,754,000  gallons,  41.388  cubic  feet  per 
second  ;   constant,  96.006. 

The  slope  of  the  main  aqueduct  is  .00015,  and  with  even  so  flat  a  slope 
as  above  indicated,  the  discharge  seems  very  low.  In  the  expert  case  of 
1862-63,  estimating  capacity  for  flow,  with  different  depths  of  conduit^ 
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Mr.  Slade  and  I  did  not  feel  at  liberty  to  apply  the  full  ratio  of  the  Croton 
and  Boston  aqueducts.  During  the  examination  an  experiment  was  sub- 
mitted by  General  Meigs  on  a  depth  of  3,465  feet ;  observed  velocity, 
2.3084  feet  per  second,  assumed  at  1.939  mean ;  slope,  .00015  ;  constant, 
115.63,  or  about  24.78  per  cent,  over  our  92.66,  the  discharge  being  43.628 
cubic  feet,  against  41,388  in  the  surcharged  case. 

Brooklyn:  In  the  design  of  this  aqueduct  in  1856,  I  studied  carefully 
the  plans  of- Major  Douglass  for  the  Croton,  with  an  increase  of  nearly 
50  per  cent,  in  section.  The  low  sources  of  supply,  close  tide  level  and 
need  of  great  economy  in  a  project  strongly  opposed,  obliged  me  to  re- 
verse the  section,  as  to  its  principle  of  flow,  for  a  width  of  10  feet;  height 
of  8.66  feet ;  section,  73.46  square  feet,  Croton  being  53.35. 

From  experiments  made  for  the  Extension,  proposed  dimensions,  8.146 
feet  width,  6,917  feet  height;  flow  depth,  5.25  feet  ;  flow  area,  43.859 
square  feet;  wet  perimeter,  18.633  feet;  R,  2.3537;  I,  .0001;  calculated 
velocity,  2.0809  feet  per  second  ;  flow,  91.2662  cubic  feet ;  the  constant  is 
135.65,  or  46.37  per  cent,  increase.  The  details  of  the  experiments  have 
not  been  published.  From  notes  in  my  possession  I  have  no  doubt  the 
main  aqueduct  for  5  miles  from  the  pump  well  would  show,  at  not  less 
than  5  feet  depth,  about  60  per  cent,  increase. 

FOUR  MODES   OF  WATER  MOTION. 

Water,  in  wave  form,  appears  to  have  four  modes  or  orders  of  motion. 
The  first  order,  in  which  there  is  a  wave  motion  through  a  mass  of 
particles,  by  their  successive  vertical,  or  nearly  vertical,  displacement, 
shown  in  the  addition  to  any  body  of  water,  in  motion  or  rest,of  a  special 
supply  or  any  special  impulse,  and  the  transmission  of  the  addition  or 
motion  created  by  impulse  through  that  body  ;  the  ocean  tide  wave,  a 
river  flood  wave,  a  canal  lock  wave,  the  surge  of  a  boat  hull,  or  any  pro- 
trusion of  a  solid  body  or  impulse,  as  from  a  strong  wind  ;  waves  of  air, 
sound,  light,  heat,  and  electricity  illustrate  this  action  ;  it  is  the  great 
primary  law  of  liquid  and  fluid  motion. 

The  se<Jond  order,  in  which  all  the  particles  move  on  with  the  wave,* 
shown  by  the  surf  wave,  that  of  a  channel  in  uniform  motion,  and  any 
wave  of  translation  where  the  particles  are  themselves  delivered. 

The  third  order,  where  the  wave  itself  moves  on  through  the  particles, 
with  a  circular  or  elliptic  motion  of  the  particles,  which  return  to  nearly 
their  original  position  during  and  after  its  passage;  shown  in  the  ordinary 
sea  swell,  pond  ripplf  s  and  like  cases,  where  the  impulse  does  not  carrj^ 
the  particles  with  the  wave. 

The  fourth  order,  in  which  the  wave  is  stationary,  and  all  the  particles 
move  on,  shown  in  weir  chutes,  rapids  waves  and  eddies  caused  by 
stationary  obstructions,  jets,  fountains,  cascades,  vibrations  of  fixed  cords, 
or  grain  fields,  and  like  cases. 

Waves  of  the  first  and  fourth  order  are  solitary  in  character,  negative 
or  positive  in  species.  The  first  maybe  either  "forced"  or  "free"  in 
variety,  controlled  in  speed  by  a  continued  impulse,  or  moving  under  its 
own  laws,  after  generation  ;  the  fourth  are  "  forced'  in  variety. 

Waves  of  the  second  and  third  orders  occur  in  groups  and  are  "  gre- 
garious" in  character  ;  they  have  crests  and  hollows,  and  are   "  positive" 
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and  "  negative"  in  species  ;  they  deliver  impulses,  under  their  own  laws 
of  flow,  and  are  "  free"  in  variety. 

The  '*  lines  of  motion"  in  the  first  order  are  parallel,  in  the  second, 
third,  and  fourth  are  curved. 

Their  form  is  defined  by  their  surface  slopes  or  contour ;  their  ampli- 
tude by  the  length  of  this  slope  or  body  ;  their  volume  (in  the  first,  sec- 
ond and  third  orders)  by  the  number  of  particles  displaced  by  each  ; 
their  period  by  the  time  occupied  in  this  action  ;  their  height  by  the 
projection  of  the  crest  above  the  surface  in  repose. 

To  a  greater  or  lesser  extent,  in  every  body  of  water  in  motion  these 
four  orders  of  waves  may  be  found,  and  of  these  the  first  obeys  the 
primary  law.  Following  Russell's  analysis,  here  used,  a  further  explana- 
tion of  this  wave  may  be  given. 

Seeking  in  vain  to  explain  tidal  motion  by  received  theories.  La  Place 
foreshadowed  the  opinion  announced  by  Dr.  Whewell  (Phil.  Trans.,  1833, 
p.  212),  that  there  was  "  a  horizontal  fluid  motion,  extending  to  the  bot- 
tom of  the  ocean,  with  a  velocity  equal  to  the  fall  of  gravity."  But  these 
profound  students  left  it  to  one  of  our  own  profession,  in  1838  and  1844, 
to  demonstrate  its  existence  and  laws. 

In  his  report  to  the  British  Association,  John  Scott  Russell,  C.  E.,  pre- 
sents a  careful  and  conclusive  experimental  analysis  of  this  wave,  which 
furnishes  the  only  adequate  explanation  of  its  motion,  and  is  now  im- 
plicitly accepted. 

In  the  experiments  made  with  water  troughs,  three  modes  of  wave 
genesis  were  employed  ;  one,  by  horizontal  displacement  of  a  given 
quantity  at  one  end  ;  one,  by  the  descent  at  one  end  of  an  equal  quantity 
of  water  mto  the  water  at  rest  ;  one,  by  dropping  a  solid  of  equal  con- 
tents into  the  water  at  one  end.  The  results  were  similar  in  each  case, 
and  a  close  demonstration  made,  that  the  "  mechanical  power"  supplied 
at  one  end  was  faithfully  transmitted  by  the  wave  to  the  other  end  with 
a  velocity  regulated  by  the  depth  of  water.  The  law  of  motion  thus 
found  was  demonstrated  on  much  larger  bodies  by  Mr.  Russell,  and  sub- 
sequently by  d'Aubuisson  and  various  other  authorities  of  high  rank. 

Under  this  law,  by  means  of  a  continuous  series  of  waves  or  a  single 
wave  of  continuous  action,  the  generating  impulse  is  carried  through  the 
more  quiescant  and  ponderous  body  with  a  speed  regulated  chiefly  by  its 
depth,  and  a  volume  regulated  by  its  impulse,  and  continually  takes  up 
vertically,  and  forces  forward  a  certain  mass  of  water,  until  its  speed  car- 
ries it  beyond  this  mass  to  the  next,  which  it  takes  up  and  advances  by 
^ike  displacement  until  the  final  point  of  actual  discharge  is  reached  and 
a  delivery  fakes  place  ;  or,  in  case  of  obstruction,  an  impact  and  reaction 
equal  to  the  generating  impulse,  less  the  degradation  due  to  friction  and 
other  losses,  which  are  small  compared  with  those  of  waves  of  the  second 
and  third  orders. 

In  this  way  great  velocities  are  practicable  without  great  mechanical 
work;  that  of  a  tide  wave  of  828  miles  per  hour,  as  in  the  South  Atlantic, 
being  1,214  feet  per  second.  It  is  motion  through  masses  of  mobile  par- 
ticles where  that  of  the  particles  themselves,  with  any  proximate  speed, 
is  impossible,  and  the  transmission,  with  this  speed,  of  a  body  of  water 
equal  to  that  which  generates  the  wave,  or  to  the  generating  impulse,  less 
the  incidental  losses  in  transitu. 
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In  the  Black  River  Flood  case  against  the  State  of  New  York,  the  de- 
struction of  about  $750,000  value  in  dams,  mills,  tanneries,  etc.,  along 
the  entire  river,  in  1869,  was  distincly  demonstrated  by  Messrs.  Scott  Rus- 
sell, McAlpine.  Haswell,  Mills  and  myself,  as  the  action  of  such  a  wave, 
liberated  from  the  North  Branch  reservoir,  at  a  height  of  1,576  feet  above 
the  mouth,  by  a  defective  dam,  at  the  culmination  of  an  unusual  natural 
flood. 

The  general  formula  for  this  wave  is  : 


=  yl^  or  =  5.6694   ^  de^. 


RECEIVED    THEORIES. 

The  usual  formulae  for  conduits  and  channels  in  practice  refer  chiefly 
to  waves  of  the  second  order,  of  which  the  usually  received  theory  of 
motion  may  be  thus  stated  : 

The  general  laws  which  aifect  the  uniform  motion  of  water  in  a  chan- 
nel, where  the  particles  themselves  are  carried  along,  have  long  been 
understood. 

That  liquids  transmit  pressure  in  all  directions  when  at  rest,  and  vary 
it  under  conditions  of  motion  ;  that  the  pressure  due  to  gravity  is  affected 
by  the  atmosphere,  is  also  as  the  depth  or  the  impulse,  and  that  action 
and  reaction  are  equal :  that  in  a  channel  "in  train,"  or  state  of  uniform 
motion,  the  motive  power  is  gravity,  the  action  results  from  the  extreme 
mobility  of  particles,  and  the  retarding  forces  which  balance  the 
acceleration  of  gravity  are  frictional  resistances  of  the  wet  perimeter 
chiefly,  suspended  matter,  viscosity,  winds,  and  other  forces  ;  that  under 
certain  conditions  moving  water  tends  to  form  parabolic  or  other  regular 
curves,  are  familiar  principles  to  all  engineers. 

Du  Buat's  theory  of  1786  assumes  that  water  molecules  of  "  incon- 
ceivable tenuity,  perfectly  hard  and  polished,"  friction  not  influenced 
by  pressure,  "  introduce  themselves  into  the  pores  of  the  wet  perimeter," 
and  "form  the  surface  on  which  the  whole  volume  flows."  "  Different 
materials  of  perimeter  do  not  affect  intensity  of  resistance;"  peri- 
meter "  resistance  proportional  to  square  of  velocity,  when  mole- 
cular spaces  are  completely  filled,  viz.,  at  low  velocities  ;  filling 
up  diminishes  as  velocity  increases  and  resulting  resistance  de- 
creases ;"  perimeter  "  resistance  communicates  itself  to  the  whole 
mass,  and  result,  for  each  molecule,  is  in  direct  ratio  to  the  peri- 
meter and  inverse  to  sectional  area.  At  equal  inclinations  velocities 
would  be  as  square  roots  of  area  to  perimeter,  if  this  proportion  were 
not  altered  by  attraction  of  perimeter  on  neighboring  molecules ;  this 
extends  to  the  same  distance  in  all  channels.  As  each  molecule  experi- 
ences a  resistance  in  inverse  proportion  to  its  distance  from  the  perim" 
eter,  their  velocities  vary  according  to  these  distances,  and  they  tend 
to  separate  continually;  part,  of  the  accelerating  force  is  employed  to 
overcome  the  reciprocal  attraction  which  opposes  this  separation. 

Prony's  theory  of  1^04,  assumes  : 

"When  water  is  flowing  in  a  canal  or  pipe,  a  thin  lining  of  fluid  parti- 
cles adheres  to  the  interior  surface  of  the  pipe  or  channel,  and  does  not 
partake  of  the  general  motion.      This  stationary  envelope  opposes  to  the 
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particles  immediately  in  contact  with  it  a  resistance  arising  both  from 
adhesion  and  from  a  sort  of  friction,  different  from  that  which  is  ob- 
served at  the  contact  of  solid  bodies,  and  which  by  means  of  this  ad- 
hesion is  transmitted  from  the  outside  to  the  interior  of  the  stream.  * 
*  *  The  velocities  then  in  different  points  of  the  same  transverse  sec- 
tion are  not  the  same."    (Storrow,  Water- Works,  p.  20.) 

The  same  theory  of  ''uniform"  channel  motion  is  thus  expressed  by 
General  H.  L.  Abbot : 

"  When  water  is  moving  uniformly  the  acceleratiog  are  equal  to  the  retarding 
forces.  The  former,  in  a  straight  channel,  are  measured  by  the  product  of  the 
weight  of  water  into  the  sine  of  the  slope  of  its  surface.  The  latter  arise  from  the 
joint  action  of  two  forces,  adhesion  to  the  bed  and  cohesion  of  the  different  parti- 
cles of  water  to  each  othsr.  The  first  is  evidently  the  primary  resistance,  the  sec- 
ond being  rather  a  force  which  regulates  the  distribution  of  the  effects  of  adhesion 
to  the  bed  among  the  interior  particles  of  the  fluid  mass.  The  resistances  may , 
therefore,  be  expressed  by  the  product  of  the  area  of  the  surface  which  experiences 
resistance  to  motion,  multiplied  by  a  function  of  the  velocities,  the  particular  form 
of  this  function  remaining  to  be  determined  by  experiment.  The  mean  velocity 
is  to  be  deduced  from  this  mean  exterior  velocity  by  applying  the  laws  governing 
the  action  of  cohesion. 

"  The  investigations  upon  the  Mississippi  first  revealed  the  laws  governing  the 
action  of  cohesion.     *    «    * 

"  In  any  vertical  plane  parallel  to  the  current  there  is  a  resistance  to  motion  at 
the  bottom  and  at  the  water  surface.  The  latter  is  chiefly  a  transmitted  resist- 
ance, probably  arising  from  upward  currents,  occasioned  by  inequalities  at  the 
bottom,  which  retard  the  upper  layer,  not  only  by  shocks  and  boils  in  breaking, 
but  also  b3^  actually  transferring  water  moving  at  a  slow  rate  near  the  bottom  to 
the  surface.  According  to  M.  Baziu's  views,  the  surface  retardation  is  partly  due 
to  inequalities  of  movement  occasioned  by  the  relative  absence  of  pressure,  and  it 
appears  probable  that  this  may  be  one  cause  of  the  phenomenon ."  (Jour.  Fr. 
Inst,  V.  65,  p.  391.) 

The  "parabola"  theory  of  vertical  velocities,  from  surface  to  bottom, 
in  a  plane  parallel  with  the  current,  is  thus  stated  by  him  : 

"  The  law  of  transmission  in  a  vertical  plane  is  represented  by  the  arc  of  a 
parabola  whose  axis  is  parallel  to  the  surface,  and  usually  from  one  to  three - 
tenths  of  the  depth  below  it.  The  axis  of  this  parabola  moves  up  and  down 
parallel  to  itself,  as  the  relative  resistances  at  the  surface  and  bottom  vary  under 
the  influence  of  winds  or  other  extraneous  forces.  For  the  same  depth  and  mean 
velocity  the  curve  itself  is  unvarying.  As  the  depth  or  mean  velocity  is  changed  the 
reciprocal  of  the  parameter  of  the  parabola  varies  in  a  manner  expressed  by  a/'  b  v 

1.69 
in  which  b  =     ,~j, — -^ — -.    The  complete  law  of  the  change  of  velocity  from 

surface  to  bottom,  in  any  vertical  plane  parallel  to  the  current  is,  therefore,  given 
in  feet,  by  the  following  equation  in  which  Fd' denotes  the  maximum  velocity, 
and  d'  the  depth  below  the  surface,  at  which  it  is  located.  1^  denotes  velocity  at 
any  depth  d,  the  total  d6pth  being  D. 


\  —  V  d'  —y  b  V  [ —  I 


(Gen.  H.  L.  Abbot,  Jour.  Fr.  Inst.,  V.  65,  p.  392). 
Taking  Prony  as  an  early  authority,  and  Abbot  as  a  final  summary  of 
the  common  theory  of  channel  motion,  we  see  no  important  distinction 
made  from  a  supposed  "stationary  envelope"  along  the  wet  perimeter 
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which  by  adhesion  and  friction  retards,  in  a  certain  order  of  diminution, 
the  various  layers  gliding  over  each  other,  from  the  bottom  to  the  surface, 
by  regularly  transmitted  resistance. 

In  other  words,  the  particles  are  assumed  to  move,  normally,  in 
parallel  layers  throughout  the  section,  as  other  bodies  move  down  inclined 
planes,  and  changes  of  velocity  in  these  several  layers  result  from  resis- 
tances caused  by  a  stationary  envelope  of  the  wet  perimeter,  and  the 
resistances  it  transmits  upward,  and  toward  the  thread  of  the  stream. 

TESTS  OF  THEORIES. 

That  waves  of  the  second,  third  and  fourth  orders  do  not  move  in 
parallel  layers  down  inclined  planes,  but  in  circles  or  curves,  rolling  as 
commingled  wheels,  or  spheres  down  the  slope  of  the  channel,  would 
naturally  be  inferred  from  the  analogy  of  usual  methods  of  motion, 
which  may  be  briefly  indicated  as  follows  : 

Gases  :  That  gases  and  liquids  obey  common  mechanical  laws  is  well 
understood  :  under  light  or  more  powerful  pressure  the  smoke  from  a 
chimney,  or  ten-inch  gun,  or  locomotive,  escapes  into  the  air  with  its  circles 
already  formed,  as  does  the  exhaust  steam.  The  well  demonstrated  law 
of  diffusion  of  gases  could  not  act  as  it  does  in  a  close  vessel  if  motion 
occurred  in  parallel  layers  and  not  in  curves  ;  the  strange  tenacity  of 
smoke  and  steam  rings  in  the  air  illustrate  the  same  law,  as  do  the  cirro 
cumuli  clouds  over  our  heads.  The  process  of  boiling  where  a  gas  is 
generated  and  escapes  through  water  beautifully  illustrates  this  motion  ; 
that  the  wind  travels  in  whirls  is  plain,  as  are  its  eddies  along  the  earth's 
surface  and  its  more  violent  exhibitions  of  power,  and  the  circular  forms 
and  motions  of  heat  waves  are  well  known. 

Water  Globules  :  From  a  rain  drop  to  the  great  ocean  itself,  the  tend- 
ency of  water  to  form  a  sphere  is  universal,  under  the  action  of  cohesion, 
motion  and  external  friction.  Rain  drops  passing  through  the  resisting 
air  retain  their  circular  form  by  continuous  revolutions,  as  well  as  by 
cohesion  in  their  descent ;  the  particles  of  a  cascade  illustrate  the  same 
law,  while  the  sheet  itself  assumes,  for  a  given  time  and  a  depth  of  fall 
only,  a  parabolic  curve,  under  the  combined  forces  which  generate  and 
then  control  its  delivery  and  descent. 

Surface  resistance :  Whether  an  object  is  forced  through  water,  or 
water  passes  along  resisting  surfaces,  its  tendency  to  move  in  circles  is 
obvious.  One  may  lean  over  the  taffrail  of  the  "  Bothnia,"  as  she  makes 
her  fifteen  knots  through  a  smooth  July  sea,  and  study  the  endless  suc- 
cession of  horizontal  surface  curves  or  eddies,  generated  along  her  mid- 
ship section  by  "  skin  friction,"  quite  uniform  in  diameter  when  not  dis- 
turbed, and  varied  by  her  lazy  roll,  on  the  long  sea  swells  ;  leaning  over 
her  stern,  the  continuous  roll  of  the  return  displacement  waves,  makes  a 
long  wake  behind  her.  Froude's  experiments  on  ship  resistance  show 
conclusively  the  action  of  hull  displacement  in  eddy  and  wave  mak- 
ing, where  relative  length  and  speed  of  hull  aie  very  important  factors 
in  the  problem  of  reaction,  resistance,  wave  length,  and  relative  wave 
pressure  against  or  behind  the  hull,  as  they  rotate. 

Horizontal  Curves  :  In  ordinary  streams  where  there  is  bank  velocity 
sufficient  to  show  them  numerous  eddies  are  observed,  which  become 
horizontal  friction  rollers  to  the  passing  water,  and   protect  the  bank 
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from  scour  ;  and  in  floods,  the  surface  exhibition  of  mid  channel  boils 
and  swirls  is  common. 

In  discharging  through  submerged  orifices,  funnel  shaped  curves  are 
generated,  moving  "  with  the  sun,"  from  the  surface  downward,  the 
curve  sections  growing  smaller  and  deeper,  as  the  pressure  and  velocity 
increase. 

In  these  and  like  cases,  the  tendency  of  water  to  move  in  circles  along 
resisting  surfaces,  and  under  impulse,  is  evident  on  inspection.  If  this 
is  true  as  to  horizontal  planes,  it  is  equally  so  as  to  vertical  planes  of 
motion,  and  the  particles  and  bodies  of  water  do  not  slide  over  each  other,^ 
like  solids,  but  travel  in  circles,  of  varying  velocities  and  dimensions,, 
regulated  by  pressure  resistance,  and  form  of  bed.  If  there  is  a 
"  stationary  envelope  "  to  channel  beds,  it  is  an  exceptional  phenomenon 
in  hydraulic  motion. 

The  proof  of  this  law,  as  a  law,  is  convincing. 

Motion  of  Bed  Particles  :  Mr,  Francis  finds,  in  a  canal  of  quite  uniform 
motion  and  regular  section,  that  coloring  matter  taken  up  at  the  bed  is 
systematicallj^  carried  to  the  surface  down  stream:  it«  path  has  then  been 
that  of  a  cycloid,  on  a  great  wheel  of  motion. 

Relative  Temperature:  The  rapid  depth  reduction  of  temperature  in 
still  water  is  well  known,  the  surface  being  so  much  exposed  to  solar 
action,  and  the  coldier  and  heavier  water  tending  to  sink  ;  Lake  Cochit- 
uate,  with  81  degrees  at  the  surface  had  51  degrees  at  42  feet  depth  ;  wath 
68  degrees  at  the  surface  48.5  degrees  at  30  feet  ;  Spot  pond,  with  78 
degrees  at  the  surface  had  60  degrees  at  28  feet  depth  ;  yet  in  a  deep 
river  like  the  Mississippi,  Lt.  Marr(Phys.  and  Hyd.  Miss.,  p.  196)  finds  the 
surface  and  bottom  temperatures  equal,  an  impossibility  for  a  "  stationary 
envelope,"  or  an  imperfect  interchange  of  particles  from  surface  to  bot- 
tom. 

Bottom  Scour:  There  is  also  a  convincing  proof  of  rolling  motion 
along  the  bed  and  sides  of  a  channel,  in  the  negative  results  of  the  well- 
established  law  of  scour  due  to  adequate  impinging  velocity,  shown  by 
experiments  of  Blackwell  and  others,  abundantly  confirmed. 

In  a  plank  sluice,  4  feet  wide  by  3  feet  deep,  it  took  a  velocity  of  1.25 
to  1.5  feet  per  second  to  start  and  move  quarter-inch  gravel  and  coal  of 
4.11  cubic  inches  ;  2.5  to  2.7  square  feet  to  start  flints  of  1.95  cubic  inches; 
2  to  2.25  feet  to  §tart  brickbats  of  4.76  cubic  inches ;  and  3.5  to  3.75 
to  move  the  latter  1.2  feet  per  second  (Beardmore,  Man.  Hyd.,  p.  7). 
Du  Buat  found  the  bottom  velocity. to  move  potter's  clay  0.26  feet  per  sec- 
ond, fine  sand  0.525.  pea  gravel  0.623,  one-inch  pebbles  2.132,  egg  flints 
3.28  feet  (D'Aubuisson,  Hyd.,  p.  149).  Generally  the  delta  of  rivers  show 
their  scouring  action  limited  to  clay,  sand  and  gravel.  His  experiments 
also  show  a  bottom  deposit  of  sand  in  transverse  furrows,  with  gentle 
up- stream  slope  and  sharp  down-stream  face,  the  interspaces  0.394 
foot  and  the  rate  of  travel  half  an  hour  per  furrow,  under  a  stream  flow 
of  0.984  foot  per  second,  a  striking  example  of  slow  circular  action. 

Yet,  in  such  a  powerful  outlet  as  St.  Clair  River,  at  47  feet  depth,  the 
velocity  at  5  feet  depth  is  3.907  feet  per  second  :  at  42.4  feet,  2.388  feet ; 
at  45.4  feet,  1.428  feet,  the  lowest  sufficient  to  move  not  only  clay  and 
sand,  but  quarter-inch  gravel. 
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In  Bayou  Plaquemioe,  delta  bottom,  27  feet  depth,  at  20  feet,  6.02  feet 
per  second.  (Physics  and  Hydraulics  Mississippi,  p.  245).  Mississippi, 
Vicksburg,  about  75  feet  depth  ;  at  70  feet,  6.82  feet  per  second  ;  Carroll- 
ton,  110  feet  depth,  at  bottom,  3.87  feefc  per  second  (Id.  p.  246) ;  bottom 
formation  sand,  hard  sand,  clay,  soft  clay.  Chesapeake  &  Ohio  Canal 
feeder  ;   depth,  7.1  feet  ;  at  5  feet,  2.267  feet  per  second. 

Here  then  are  bottom  velocities,  in  yielding  strata,  far  in  excess ^of 
severe  scouring  action,  under  a  pressure,  at  110  feet  depth,  of  over  48 
pounds  per  square  inch,  and  no  adequate  scour  is  produced  ;  the  bottom 
particles  have  this  motion,  and  no  stationary  adhesion,  and  the  result  can 
only  be  explained  by  the  action  of  a  broad  wheel  tyre,  and  not  that  of  a 
sliding  stratum  or  plough. 

River  characteristics  illustrate  the  same  law.  Shallow  and  narrow 
streams  transport  pebbles  and  bowlders,  shallow  and  broad  streams 
gravel  and  coarse  sand,  narrow  and  deep  streams  fine  sand.  Swifter  and 
clear  streams  have  more  direct  lines,  less  depth  and  greater  inclination  ; 
deep,  muddy  rivers  winding  lines,  and  broad  channels,  as  the  Nile  and 
Mississippi. 

Flood  Waves  :  The  line  of  swiftest  descent  in  any  channel  tends  to 
follow  that  of  greatest  depth,  and  forms  a  constant  channel  wedge,  or 
convex  projection,  down  stream,  with  side  reactions.  A  flood  wave  in  a 
channel,  itself  normally  of  the  first  order,  combining  with  the  stream 
wave  of  the  second  order,  has  a  crest  overlap  and  rotative  motion,  far 
superior  in  speed  to  that  of  the  main  body. 

On  the  Ohio,  as  observed  by  an  engineer  like  Charles  Ellet,  Jr.,  to 
whom  hydraulic  science  is  greatly  indebted,  with  the  Wheeling  Bar 
showing  an  average  annual  depth,  for  six  years,  of  8.94  feet  (Phys. 
Geog.  Miss.  Valley,  Ellet,  p.  43),  with  flood  depths  of  25  to  44.5  feet,  it 
was  found  that  the  mean  crest  velocity,  for  a  flood  of  35  feet  depth,  was 
four  miles  per  hour,  with  a  central  thread  of  five  miles;  while  the  total 
wave  speed  of  a  higher  flood  of  44.5  feet,  from  Pittsburgh  to  Louisville, 
613  miles,  was  2.28  miles  per  hour,  about  half  the  extreme  crest  speed  of 
the  35-foot  wave,  that  of  the  44.5  being  estimated  at  six  miles  per  hour. 
In  such  a  case  the  superior  height  and  velocity  of  the  front  of  the  crest 
throws  the  drift  toward  the  shore,  while  behind  the  wave  crest  a 
hollow  wave  draws  the  drift  toward  the  centre,  on  the  falling^ 
flood. 

A  flood  in  the  Mississippi,  July,  1858  (Phys.  and  Hyd.  Miss.,  p.  268), 
is  reported  with  a  prism  speed,  for  304  miles,  from  Helena  to  Vicksburg, 
of  100  miles  per  day,  or  4.16  per  hour,  or  6.11  feet  per  second.  A  calciiw 
lation(p.  268),  of  the  velocity  of  the  volume  added,  above  a  given  datum 
to  flood  level,  between  these  points,  gives  18.75  feet  per  second,  or  about 
three  times  the  mean  wave  speed.  The  current  velocities,  July  17,  1858, 
at  Vicksburg  (App.),  give  a  maximum  of  8  feet,  and  a  mean  of  6.95  feet 
per  second,  5  feet  below  the  surface,  velocities  not  being  taken  at  lower 
depths,  and  assumed  from  parabolic  formulae.  Maximum  gauge  depth, 
48.1  feet ;  discharge  estimated,  1,229,100  cubic  feet  per  second,  as  com- 
pared with  minimum  gauge  depth,  Oct.  25,  8.7  feet  ;  average  velocity, 
3.01  feet  ;  discharge,  233,320  cubic  feet  per  second. 

Such  a  channel,  which  within  three  months  reduces  its  depth  and  dis- 
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charge,  at  one  point,  about  five-fold,  cannot  very  w^ell  demonstrate  a 
rigid  empirical  formula, 

B  ach  Formation :  a  peculiar  instance  of  horizontal  eddy  action  occurs 
in  the  extension  of  sand  spits  at  the  mouths  of  bays.  In  the  Rockaway 
Beach  case  it  was  shown  that  such  a  spit  projecting  westerly,  at  the 
mouth  of  a  bay,  had  gradually  extended  in  a  long  and  narrow  line,  for 
about  4i  miles,  until  it  joined  the  main  shore.  Flood  tide  waves  disturb 
and  bring  in  sand  ;  in  its  sweep  around  such  a  spit,  inside  eddies  are 
formed  which  deposit  this  sand ;  the  ebb  tide  eddies  on  the  outside  also 
deposit  sand,  and  thus  there  is  a  constant  elongation. 

Ocean  Waves :  This  argument  of  analogy  might  be  enlarged  with 
emphasis  as  to  the  various  received  definitions  of  waves  of  the  third  order, 
by  profound  students  like  Russell,  Froude,  Rankine  and  others ;  but  the 
following  quotation  will  suffice,  in  a  paper  limited  as  to  its  range  : 

"*  *  *  It  is  quite  sufficient  to  assume  that  the  profile  of  a  simple  wave  is 
trochoidal,  and  that  the  particles  of  water  move  in  circles  in  a  vertical  plane  at 
right  angles  to  the  ridges  and  valleys  of  the  waves.  *  *  *  The  diameter  of  the 
circle  in  which  a  surface  particle  moves  is  the  height  of  the  wave  from  hollow  to 
crest.  Particles,  which  in  still  water  would  be  at  a  lower  level,  describe  smaller 
circles  in  the  same  period.  A  horizontal  plane  (m  the  still  water)  is  thus  converted 
into  a  wave  surface  of  the  same  period,  but  of  reduced  amplitude  of  oscillation. 
The  velocity  of  the  particles  (and  on  this  depends  tne  impact  of  a  wave)  is  simply 
the  circumference  of  one  of  these  circles  divided  by  the  pf^riodic  time."  (Froude, 
Rankine,  etc.,  Brit.  Assoc.  V.  N.,  Mag.,  V^ol  12,  p.  390.) 

CONCLUSION. 

We  have  shown  here,  that  water  has  common  modes  of  motion,  not 
usually  examined  in  experiment,  or  defined  in  usual  text  book  formulae. 
It  also  appears  that  the  Roman  aqueduct  section  adopted  by  Major  Doug- 
lass for  the  Croton  has  a  large  increase  of  flow,  which  shows  that  the 
ancient  engineers  were  guided  by  principles  prominent  recent  structures 
do  not  illustrate. 

The  analogies  gathered  from  fluids,  water  spheres,  ship  eddies  and  cir- 
cles, orifice  discharge,  stream  motion,  bank  eddies,  bottom  temperature, 
and  scour,  flood  waves,  and  ocean  waves,  and  the  analysis  of  the  four 
orders  of  waves  show,  that  the  common  theory  of  channel  motion  can- 
not be  correct,  and  that  the  only  progressive  motion  of  parallel  forms  is 
in  the  primary  wave,  and  is  vertical  and  not  horizontal  in  that  case. 

It  becomes  evident  therefore,  that  formulae  must  be  modified  by  a  sys- 
tem of  experiments  conformed  to  the  true  laws  of  motion  and  conditions 
of  flow ;  and  that  the  same  co-efficients  cannot  be  applied  to  different 
velocities  in  the  same  channel,  or  different  waves,  or  to  dissimilar  sec- 
tions ;  and  that  for  waves  of  the  second  order  each  conduit  or  channel 
has  a  standard  of  maximum  useful  effect. 
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BOSTON  SOCIETY  OF  CIVIL  ENGINEERS. 

October  19,  1887  : — A  regular  meeting  of  the  Boston  Society  of  Civil  Engi- 
neers was  held  in  its  rooms,  Boston  &  Albany  Railroad  Station,  Boston,  at  7:40 
p.  M.,  President  Rice  in  the  chair.  Forty-five  Members  and  nine  visitors  were 
present. 

The  record  of  the  last  meeting  was  read  and  approved. 

Mr.  Phinehas  Ball,  of  Worcester,  and  Mr.  Lyman  L.  Gerry,  of  Stoneham,  were 
elected  Membeis  of  the  Society. 

The  Government  submitted  a  report  in  relation  to  the  communication  of  the 
Board  of  Managers  of  the  Association  of  Engineering  Societies,  and  recommended 
the  adoption  of  the  articles  proposed  by  the  Board  in  the  following  amended 
form : 

"Article  I.  The  Boston  Society  of  Civil  Engineers  authorizes  the  Board  of 
Managers  of  the  Association  of  Engineering  Societies,  on  the  favorable  action  of 
the  American  Society  of  Civil  Engineers  and  two-thirds  of  the  societies  in  the 
Association,  to  call  a  convention  of  delegates  from  the  several  societies  of  the 
Association,  and  such  other  societies  as  the  Board  may  invite  ;  said  convention  to 
consider  the  question  of  an  organization  of  the  several  societies  of  the  country  in  a . 
confederation,  cr  such  other  union  as  may  be  found  desirable.  The  Board  is  also 
empowered  to  lay  before  this  convention  such  other  matters  as  it  may  consider  of 
general  moment. 

' '  Article  II.  The  Board  of  Managers  may  determine  the  time  and  place  for 
such  a  convention.  The  representation  of  each  participating  society  shall  be  three- 
votes,  and  one  additional  for  each  fifty  or  fraction  thereof  in  excess  of  one  hundred 
members. 

"Article  III.  The  conclusions  of  this  convention  shall  not  be  binding  upon 
any  participating  society  until  ratified  by  said  society  ;  and  when  two-thirds  of 
the  participating  societies  have  ratified  the  action  of  said  convention,  the  proposed 
organization  may  go  into  effect." 

On  motion  of  Mr,  Whitney,  the  report  was  accepted  and  the  articles  as  amended 
were  adopted. 

The  Secretary  read  a  communication  from  the  Committee  on  Metric  System  of 
the  Western  Association  of  Architects,  asking  the  co-operation  of  the  Society  in 
petitioning  Congress  to  pass  a  law  making  the  use  of  the  metric  system  compulsory 
in  the  various  departments  of  the  government.  On  motion  of  Mr.  Tilden  the  com- 
munication was  referred  to  the  Committee  on  Weights  and  Measures. 

Prof.  L.  M.  Norton,  of  the  Institute  of  Technology,  read  a  paper  prepared  for 
the  Society  by  the  late  William  Ripley  Nichols,  entitled  "  The  Action  of  Boston 
Water  on  Certain  Sorts  of  Service-Pipe." 

After  reading  the  paper  Professor  Norton  requested  information  in  regard  to  the 
most  satisfactory  paint  used  for  the  preservation  of  bridges  against  the  action  of 
the  atmosphere.  Mr.  Barlow,  engineer  of  the  new  Tay  Bridge,  had  asked  him  as 
to  the  American  practice..  Mr.  Manley  said  that  his  experience  led  him  to  putter 
red  lead  to  any  of  the  mineral  paints  he  had  tried.  He  believed  that  red  lead  would 
resist  better  than  any  other  paint  the  action  of  salt  water  and  the  sulphurous  gases 
from  locomotives  passing  under  bridges. 

Mr.  Parker  thought  that  the  secret  of  efficient  painting  lay  in  thoroughly  clean, 
ing  the  iron  of  scales  before  applying  the  paint. 
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Prof .  G.  F.  Swain  occupied  the  rest  of  the  evening,  speaking  in  an  informal 
way  on  some  matters  regarding  the  dimensioning  of  bridge  structures.  Among 
others  he  gave  the  result  of  some  investigations  upon  the  distribution  of  wheel- 
loads  over  the  floor  system  commonly  found  in  railroad  Howe  truss  bridges.  He 
also  gave  a  mathod  for  determining  the  proportion  of  load  borne  by  the  beam  and 
the  truss  rod  on  the  common  form  of  king-post  trussed  beams,  and  discussed 
briefly  the  question  of  bending  and  compression  combined.  A  formula  for  dimen- 
sioning was  also  suggested,  based  upon  Wohler's  experiments,  which  was  simpler 
in  its  application  than  any  of  the  modifications  of  Launhardt's  now  in  general  use. 

The  various  points  raised  by  Prof.  Swain's  remarks  were  quite  fully  discussed  by 
Messrs.  Cheney,  Davis,  Keith,  Rice,  Shaw  and  Worcester. 

lAdjourned']  S.  E.  Tinkham,  Secretary. 


WESTERN  SOCIETY  OF  ENGINEERS. 


October  4,  1887: — The  240th  meeting  was  held  at  8  p.  m.,  President  Arting- 
stall  in  the  chair. 

The  minutes  of  the  preceding  meeting  were  read  and  approved. 

Mi  .  Moritz  Lassig,  Bridge  Builder,  534  Garfield  avenue,  Chicago,  and  Mr.  George 
H.  Bremner,  Assistant  Engineer,  West  Iowa  Division  C,  B.  &  Q.  R.  R.,  Red  Oak, 
Iowa,  were  elected  Members. 

Mr.  E.  C.  Shankland  was  transferred  from  the  grade  of  Junior  to  that  of  Mem- 
ber. 

Mr.  John  F.  Barney,  Contractor  and  Builder,  27)^  Lakeside  Building,  Chicago, 
and  Mr.  Jacob  Rodatz,  Contractor  and  Builder,  27X  Lakeside  Buildmg,  Chicago, 
were  proposed  as  Members. 

The  Secretary  presented  a  bill  for  $183  from  the  Railroad  Gazette,  for  the 
August  assessment  for  183  copies  of  the  Journal,  which  was  ordered  paid. 

The  Secretary  read  the  following  communication  : 
To  the  Western  Society  of  Engineers : 

I  hereby  resign  the  office  of  Secretary,  and  request  to  be  relieved  of  its  duties  as 
soon  as  possible.  L.  P.  Morehouse,  Secretary. 

It  was  agreed  that  no  action  should  be  taken  on  the  above  until  the  next 
meeting. 

Mr.  Lundie  presented  a  short  paper  containing  a  formula,  and  its  mathematical 
demonstration,  for  determining  the  economical  proportions  of  truss  bridges.  A 
discussion  of  this  paper,  when  printed,  is  invited  by  the  author. 

lAdjourned.']  L.  P.  Morehouse,  Secretary. 


ENGINEERS'  CLUB  OF  KANSAS  CITY. 


October  3,  1887  :— A  regular  meeting  was  held  at  the  Deardorff  Building. 
There  were  present  Messrs.  J.  A.  L.  Waddell,  Clift  Wise,  G.  W.  Pearsons,  R.  C. 
Simons,  Wm.  Norris,  C.  G.  Wade,  T.  F.  Wynne,  etc.  J.  A.  L.  Waddell,  Vice 
President,  presiding.     T.  F.  Wynne,  Secretary  pro  tem. 

Upon  a  canvas  of  the  ballots,  E.  W.  Sterns,  Charles  H.  Talmage  and  Charles  W. 
Hastings  were  elected  Members. 

The  paper  of  the  evening  on  "  The  construction  and  operation  of  the  Ninth 
Street  Cable  Railway,"  prepared  by  Mr.  M.  K.  Bowen,  was  read  by  Mr.  C.  G. 
Wade. 

Mr.  P.  W.  Kiersted  was  proposed  for  membership  by  Messrs.  G.  W.  Pearsons  and 
J.  A.  L.  Waddell.  Mr.  Kiersted  was  invited  and  consented  to  read  a  paper  at 
the  next  meeting,  subject  to  be  announcsd. 

iAdjourned.']  T.  F.  Wynne,  Secretary  pro  tem. 


Editors  reprinfing  articles  front  this  journal  are 
requested  to  credit  both  the  Journal  and  the 
Society  before   which  such  articles  were  read. 
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CONCRETE. 


By  Johx  Luxdie,  Member  of  the  Westerx  Society  of  Exgineers. 

[Read  July  5,  1887.] 

The  subject  of  cements  and  concrete  has  beon  so  well  treated  of  in 
engineering  literature,  that  to  give  an  extended  paper  on  the  subject 
would  be  but  the  collection  and  reiteration  of  platitudes  familiar  to  every 
engineer  who  has  been  engaged  on  foundation  works  of  any  magnitude. 
It  shall  therefore  be  the  object  of  this  communication  to  place  before  the 
Society  several  notes,  stated  briefly  and  to  the  point,  rather  as  a  basis 
for  discussion  than  as  an  attempt  i^t  an  exhaustive  treatment  of  the  sub- 
ject. 

Concrete  is  simply  a  low  grade  of  masonry.  It  is  a  comparatively 
simple  matter  to  trace  the  line  of  continuity  from  heavy  squared  ashlar 
blocks  down  through  coursed  and  random  rubble,  to  grouted,  indiscrim- 
inate rubble,  and  finally  to  concrete.  Improvements  in  the  manufacture 
of  hydraulic  cements  have  given  an  impetus  to  the  use  of  concrete,  but 
its  use  is  by  no  means  of  recent  date.  It  is  no  uncommon  thing  in  the 
taking  down  of  heavy  walls  several  centuries  old,  to  find  that  the  method 
of  building  was  to  carry  up  face  and  back  with  rubble  in  stiff  mortar, 
and  to  fill  the  interior  with  boulders  and  gravel,  the  interstices  of  which 
where  filled  by  grouting — the  whole  mass  becoming  virtually  a  mono- 
lith. Modern  quick-setting-  cement  accomplishes  this  object  within  a 
time  consistent  with  the  requirements  of  modern  engineering  works  : 
the  formation  of  a  monolithic  mass  within  a  reasonable  time  and  with 
materials  requiring  as  little  handling  as  possible  being  the  desideratum. 

The  materials  of  concrete  as  used  at  present  are  cement,  sand,  gravel, 
broken  stone,  and.  of  course,  water.  It  is,  perhaps,  unnecessary  to  say 
that  one  of  the  primary  requirements  in  materials  is  that  they  should  be 
clean.  Stone  should  be  angular,  gravel  well  washed,  sand  coarse  and 
sharp,  cement  fine  and  possessing  a  fair  proportion  of  the  requirements 
laid  down  in  the  orthodox  specification.  The  addition  of  lime  water, 
saccharatod  or  otherwise,  has  been  suggested  as  an  improvement  over 
water,  pure  and  simple,  but  no  satisfactory  experiments  are  on  record 
justifying  the  addition  of  lime  water. 

Resfarding  the  mixing  of  cement  and  lime  with  saccharated  water,  the 
writer  made  some  experiments  several  months  ago  by  mixing  neat 
cement  and  lime  with  pure  water,  and  with  saccharated  water,  with  the 
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result  that  the  sugar  proved  positively  detrimental  to  the  cement,  while- 
it  increased  the  tenacity  of  briquettes  of  lime. 

Stone  vrhich  will  pass  a  2-inch  is  usually  specified  for  ordinary  con- 
crete. It  will  be  found  that  stone  broken  to  this  limit  of  size  has  50  per- 
cent, of  its  bulk  voids.  This  space  must  be  filled  by  mortar,  or  prefer" 
ably  by  gravel  and  mortar.  If  the  mixing  of  concrete  is  perfect  the 
proportion  of  stone,  by  bulk,  to  other  materials  should  be  two  to  one.  A 
percentage  excess  of  other  materials  is,  however,  usually  allowed  to  com- 
pensate for  imperfection  in  mixing.  While  an  excess  of  good  mortar  is 
not  detrimental  to  concrete  (as  it  will  harden  in  course  of  time  to  equal 
the  stone),  still  on  the  score  of  economy  it  is  advisable  to  use  gravel  or  a 
finer  grade  of  stone  in  addition  to  the  2-inch  ring  stone  to  fill  the  inter- 
stices— gravel  is  cheaper  than  cement.  The  statement  that  excess  of 
stone  will  give  body  to  concrete  is  a  fallacy  hardly  worth  contradicting.. 
In  short,  the  proportion  of  material  should  be  so  graded  that  each  parti- 
cle of  sand  should  have  its  jacket  of  cement,  necessitating  the  cement 
being  finer  than  the  sand  (this  forms  the  mortar)  :  then  each  pebble  and 
stone  should  have  its  jacket  of  mortar.  The  smaller  the  interstices 
between  the  gravel  and  stones,  the  better. 

The  quantity  of  water  necessary  to  make  good  concrete  is  a  sorely  de- 
bated question.  The  quantity  necessary  depends  on  various  considera- 
tions, and  will  probably  be  different  for  what  appears  to  be  the  same 
proportion  of  materials.  It  is  a  well-known  fact  that  brick  mortar  is 
made  very  soft,  and  bricks  are  often  wet  before  being  laid,  while  a  very 
hard  stone  is  usually  set  with  very  stiff  mortar.  So  in  concrete  the 
amount  of  water  necessarily  depends,  to  a  great  extent,  on  the  porosity 
or  dryness  of  the  stone  and  other  material  used.  But  as  to  using  a  larger 
or  smaller  quantity  of  water  with  given  materials,  as  a  matter  of  obser- 
vation, it  will  be  found  that  water  should  only  be  limited  by  its  effect  in 
washing  away  mortar  from  the  stone.  Where  can  better  concrete  be 
found  than  that  which  has  set  under  water  ?  A  certain  definite 
amount  of  water  is  necessary  and  sufficient  to  hj'^drate  the  cement  ;  less 
than  that  amount  will  be  detrimental,  while  an  excess  can  do  no  harm* 
provided,  as  before  mentioned,  that  it  does  not  wash  the  mortar  from  the 
stone.  Again,  dry  concrete  is  apt  to  be  very  porous,  which  in  certain 
positions  is  a  very  grave  objection  to  it — this,  not  only  from  the  fact  of  its 
porosity,  but  from  the  liability  to  disintegration  from  water  freezing 
in  the  crevices. 

Concrete,  when  ready  to  be  placed  in  position,  should  be  of  the  con- 
sistency of  a  pulpj'  mass  which  will  settle  into  place  by  its  own 
weight,  eAcry  crevice  being  naturally  filled.  Pounding  dry  concrete  is  apt 
to  break  adjacent  work,  which  will  never  again  set  proper!3\  There  should 
be  no  other  object  in  pounding  concrete  than  to  assist  it  to  settle  into 
the  place  it  is  intended  to  fill.  This  is  one  of  the  evils  concomitant  with 
imperfection  of  mixing.  The  greater  perfection  of  mixing  attained  the 
nearer  we  get  to  the  ideal  monolith.  The  less  handling  concrete  has  after 
being  mixed,  the  better.  Immediately  after  the  mass  is  mixed  setting 
commences  ;  therefore,  the  sooner  it  is  in  position  the  more  perfect  will 
be  the  hardened  mass  ;  and,  on  the  other  hand,  the  more  it  is  handled, 
the  more  is  the  process  interrupted  and  in  like  degree  is  the  finished  mass 
deteriorated.     A  low  drop  will  be  found  the  best  method  of  placing  a 
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batch  in  position.  Too  much  of  a  drop  scatters  the  material  and  undoes 
the  work  of  thorough  mixing.  Let  the  mags  drop  and  then  let  it  alone. 
If  of  proper  temper,  it  will  find  its  own  place  with  very  little  trimming. 
Care  should  be  taken  to  wet  adjacent  porous  material,  or  the  wooden 
form  into  w^hich  concrete  is  being  placed  ;  otherwise  the  water  may  be 
extracted  from  the  concrete,  to  its  detriment. 

It  has  been  found  on  removing  boxing  that  the  portion  adjacent  to  the 
wood  was  frequently  friable  and  of  poor  quality,  owing  to  the  fact  just 
stated.  It  is  usual  to  face  or  plaster  concrete  work  after  removing  the 
boxing.  On  breakwater  work,  where  the  writer  was  engaged,  the  wall 
was  faced  with  cement  and  flint  grit,  and  this  was  found  to  form  a  par- 
ticularly hard  and  lasting  protection  to  the  face  of  the  w^ork. 

Batches  of  concrete  should  be  placed  in  position  as  if  they  were  stones 
in  block  masonry,  as  the  union  of  one  day's  work  with  a  previous  is  not 
by  any  means  so  perfect  as  where  one  batch  is  placed  in  contact  with 
another  which  has  not  yet  set.  A  slope  cannot  be  added  to  with  the  same 
degree  of  perfection  that  one  horizontal  layer  can  be  placed  on  another  ; 
consequencly,  where  work  must  necessarily  be  interrupted,  it  should  be 
stepped,  and  not  sloped  off. 

Experience  in  concrete  work  has  shown  that  its  true  place  is  in  heavy 
foundations,  retaining  walls  and  such  like,  and  then  perfectly  independ- 
ent of  other  material.  Arches,  thin  walls,  and  such  like,  are  very  ques- 
tionable structures  in  continuous  concrete,  and  are  on  record  rather  as 
failures  than  otherwise.  This  may  to  a  certain  degree  be  due  to  the  high 
co-efiScient  of  expansion  Portland  cement  concrete  has  by  heat.  This  was 
found  by  Cunningham  to  be  0.000005  of  iis  bulk  for  one  degree  Fahren- 
heit. It  is  a  matter  which  anj^  intelligent  observer  may  remark,  the  in- 
variable breakage  of  contmuous  concrete  sidewalks,  while  those  made  in 
small  sections  remain  good.  This  may  be  traced  to  expansion  and  con- 
traction by  heat,  together  with  friction  on  the  lower  side. 

In  foundations,  according  to  the  same  authority  above  quoted,  prop- 
erly made  Portland  cement  concrete  may  be  trusted  with  a  safe  load  of 
25  tons  per  square  foot. 

In  large  masses,  concrete  should  be  worked  continuously,  while  in  small 
masses  it  should  be  molded  in  small  sections,  which  should  be  independ- 
ent of  each  other  and  simply  forni  artificial  stones. 

The  facility  with  which  concrete  can  be  used  in  founding  under  water^ 
renders  it  particularly  suitable  for  sub-aqueous  structures.  The  method 
of  dropping  it  from  hopper  barges  in  masses  of  100  tons  at  a  time,  inclosed 
in  a  bag  of  coarse  stuff,  has  been  successfully  employed  by  Dyce  Cay  and 
others.  This  can  be  carried  on  till  the  concrete  appears  above  water, 
when  the  ordinary  method  of  boxing  can  be  employed  to  complete  the 
work.  This  method  was  employed  in  the  North  Pier  breakwater  at 
Aberdeen,  the  breakwater  being  founded  on  the  sand,  with  a  very  broad 
base.  The  advantage  of  bags  is  apparent  in  the  leveling  off  of  an  uneven 
foundation.  In  breakwater  works  on  the  Tay,  in  Scotland,  where  the 
writer  was  engaged,  large  blocks  perforated  vertically  were  employe i. 
These  were  constructed  below  high  water  mark,  and  an  air-tight  cover 
placed  over  them.  They  were  lifted  by  pontoons  as  the  tide  rose,  and 
conveyed  to  and  deposited  in  place,  the  hollows  being  filled  with  air, 
serving  to  give  buoyancy  to  the  mass.     After  placing  in  position  the  ver 
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tical  hollows  were  filled  with  coDcrete.  so  binding  the   whole  together - 
they  being  placed  vertically  over  each  other. 

As  mentioned  before,  continuous  stretches  of  concrete  in  small  sections 
should  be  guarded  against,  owing  to  expansion  by  heat  ;  but  the  fact  of 
a  few  cracks  appearing  in  heavy  masses  of  concrete  should  not  cause  ap- 
prehension. These  occur  from  unequal  settlement  and  other  causes. 
They  should  continue  to  be  carefully  grouted  and  faced  until  settlement 
is  complete. 

The  use  of  concrete  is  becoming  more  and  more  general  for  foundation  - 
works.  The  desideratum  hitherto  has  been  a  perfect  and  at  the  same 
time  an  economical  mixer.  Concrete  can  be  mixed  by  hand  and  the 
materials  well  incorporated,  but  this  is  an  expensive  and  man-killing 
method,  as  the  handling  of  the  wet  mass  by  the  shovel  is  extremely  hard 
work,  besides  which  the  slowness  of  the  method  allows  part  of  a  large 
batch  to  set  before  the  other  is  mixed,  so  that  small  batches,  with  atten- 
dant extra  handling,  are  necessary  to  make  a  good  job.  Mixers  with  a 
multiplicity  of  knives  to  toss  the  material  have  been  used,  but  with  little 
economical  success.  Of  simple  conveyers,  such  as  a  worm-screw,  little 
need  be  said  ;  tney  are  not  mixers,  and  it  seems  a  positive  waste  of  time  to 
pass  material  through  a  machine  when  it  comes  out  in  little  better  shape 
than  it  is  put  in.  A  box  of  the  shape  of  a  bariel  has  been  used,  it  being 
trunnioned  at  the  sides.  The  objection  to  this  is  that  the  material  is  thrown 
from  side  to  side  as  a  mass,  there  being  a  waste  of  energy  in  throwing 
about  the  material  in  mass  without  accomplishing  an  equivalent  amount 
of  mixing.  Then  a  rectangular  box  has  been  used,  trunnioned  at  opposite 
corners  ;  but  here  the  grave  objection  is,  that  the  concrete  collects  in  the 
corners,  and  after  a  few  turns  it  requires  cleaning  out,  the  material  so 
sticking  in  the  corners  that  it  gets  clogged  up  and  ceases  to  mix. 

The  writer  has  just  protected  by  letters  patent  a  machine,  in  devising 
which  the  following  objects  were  borne  in  mind  ; 

1st.  That  every  motion  of  the  machine  should  do  some  useful  work. 
Hitherto  box  or  barrel  mixers  have  gone  on  the  principle  of  throwing 
the  material  about  indiscriminately,  expecting  that  somehow  or  other  it 
would  get  mixed." 

2d.  That  the  sticking  of  the  material  anywhere  within  the  mixer  should 
be  obviated. 

3d.  That  an  easy  discharge  should  be  obtained. 

4th.  That  th^  water  should  be  introduced  while  the  mixer  revolves. 

With  these  desiderata  in  view,  a  box  was  designed  which  in  half  a 
turn  gathers  the  material,  then  spreads  it.  and  throws  it  from  one  side  to 
the  other,  at  the  same  time  that  water  is  being  introduced  through  a 
hollow  trunnion. 

It  is  also  so  constructed  that  all  the  sides  slope  steeply  toward  the  dis- 
charge, and  there  is  not  a  rectangular  or  acute  angle  within  the  box.  A 
machine  has  now  been  worked  steadily  for  several  weeks,  putting  in  the 
concrete  in  the  foundations  of  the  new  Jackson  street  bridge  in  this  city, 
by  General  Fitz-Simons.  The  result  exceeds  expectations.  The  concrete 
is  i)erfectly  mixed,  the  discharge  is  simple,  complete  and  effective,  and 
at  the  same  time  the  cost  of  labor  in  mixing  and  placing  in  position  is 
lessened  by  50  per  cent,  as  compared  with  any  known  to  have  been  put 
in  under  similar  circumstances. 
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BOSTON  SOCIETY  OF  CIVIL  ENGINEERS. 


November  16,  1887  :— A  regular  meeting  was  held  at  the  Society's  rooms, 
Boston  &  Albany  Railroad  Station,  Boston,  at  7:80  p.  m.,  President  Rice  in  the 
chair,  59  Members  and  25  visitors  present.  The  record  of  the  last  meeting  was 
read  and  approved.  Mr.  Charles  E.  C.  Breck  was  proposed  for  membership  by 
Messrs.  J.  H.  Curtis  and  F.  W.  Hodgdon. 

The  Committee  on  Weights  and  Measures  submitted  a  report  on  the  communi 
cation  from  the  Western  Association  of  Architects  asking  the  co-operation  of  the 
Society  in  an  effort  to  secure  the  introduction  of  the  metric  system,  and  suggesting 
a  "  concert  of  action  in  bringing  ihe  matter  to  the  attention  of  Congress  at  its 
next  session,  and  that  the  effort  for  the  present  be  limited  to  securing  the  adoption 
of  the  metric  system  by  all  the  departments  of  the  government  for  all  government 
business." 

The  Committee  recommended  that  a  canvas  of  the  Society  be  made  to  ascertain 
the  opinions  of  the  members  on  the  proposition  submitted  by  the  Association  of 
Architects.  On  motion  of  Mr.  Brackett  the  re^wrt  was  accepted  and  the  recom- 
mendation adopted. 

On  motion  of  Mr.  Woods  the  usual  appropriations  were  made  for  renewing  sub- 
scriptions to  the  Society's  periodicals  and  for  binding, 

Mr.  Arthur  V.  Abbott,  chief  engineer  of  the  National  Super-Heated  Water 
Company,  of  New  York,  gave  a  very  full  description  of  the  plant  now  being  built  by 
the  Boston  Heating  Company.  A  full  size  section  of  the  street  mains  with  the 
expansion  joint,  house- connection,  and  other  parts  of  the  system  were  exhibited 
and  explained  in  detail.  * 

lAdjourned.'i  S.  E.  Tinkham,  Secretary. 


ENGINEERS'  CLUB  OF  ST.  LOUIS. 


Novembers,  1887  :— The  Club  met  at  8:10  p.  m.  at  Washington  University, 
President  Potter  in  the  chair,  nineteen  Members  and  one  visitor  present.  The 
minutes  of  the  meetings  of  May  4  and  18  were  read  and  approved.  The  Execu- 
tive Committee  reported  the  doings  of  its  meetings  of  October  26  and  November  2. 
It  also  submitted  the  following  report  on  programme,  which  was  adopted  : 

St.  Louis,  Nov.  2,  1887. 

Gentlemen  :  Your  Executive  Committee  beg  leave  to  submit  the  following 
programme  of  the  Club's  work  for  the  coming  year.  Meetings  have  '  been 
arranged  for  the  first  and  third  Wednesdays  of  each  month  up  to  June  next.  It 
is  not  expected  that  this  plan  can  be  rigidly  adhered  to,  but  it  will  serve  as  a  basis 
to  work  upon  and  will  be  followed  as  closely  as  circumstances  permit. 

November  2. — Chas.  E.  Jones,  "  Steam  Heating  at  Washington  L^niversity." 

November  16.— Prof.  J.  B.  Johnson,  "  Testing  the  Strength  of  Engineering 
Materials.'" 
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December  7— Annual  Meeting.— P.    M.  Bruner,  "The  Action  of  Frost  on  Con- 
crete Work." 

December  21. — Isaac  A.  Smith,  "  Rapid  Railway  Embankment  Construction." 

January  4.— Chas.  H.  Ledlie,  "  Construction  of  Dam  and  Reservoir  at  Athens, 
Ga. ;"  Chas.  W.  Bryan,  "Railway  Bridge  Designing." 

January  18.— Carl  Gayler,  "Floors  of  Street  Bridges  ;"  N.  W.  Eayrs,  "The 
Improvement  of  Nantucket  Harbor,  Mass." 

February  1.— Prof.  F.  E.  Nipher,  "Graphical  Solution  of  the  Action  of  the 
Series  Dynamo  :"  B,  F.  Crow,  "Constructive  Accounts." 

February  15. — Robert  JVIoore,  "Sizes  of  Railroad  Culverts;"  O.  L.  Petitdi- 
dier,  "  Practical  Notes  on  Masonry  and  Stone  Laying." 

March  7.— Prof.  H.  B.  Gale,  "The  Transmission  of  Power  by  Belting;" 
Samuel  F.  Burnet,  "  Cement  and  Mortar." 

March  21.— Prof.  W.  B.  Potter,  "St.  Louis  Water  Supply." 

April  4  — S.  Bent  Russell.  "Thickness  of  Water  Pipes;"  H.  A.  Wheeler 
[subject  not  yet  announced] . 

April  18.— Prof.  C.  M.  Woodward,  "  Gas  Producers  ;  "  Lewis  Stockett,  "A 
Well  Ventilated  Mine." 

May  2.— Col.  E.  D.  Meier,  "  Standards  of  Boiler  Efficiency;  "  Charles  F.  White, 
"  The  Failure  of  a  Firmenich  Boiler." 

May  16.— R.  E.  McMath,  "The  Waterway  between  the  Lakes  and  the  Mis 
sissippi  River." 

June  6. — M.  L.  Holman,  "  The  Temporary  Low  Service  Pumping  Plant  a 
St.  Louis." 

Partial  promises  have  been  made  of  other  papers  on  topics  of  interest.  These 
will  be  presented  as  opportunity  occurs  and  due  notice  given. 

Executive  Committee.  W.  H.  Bryan,  Sec"y. 

The  following  applications  for  Membership  were  announced  and  referred  to  the 
Executive  Committee  :  Allan  C.  Glasgow,  indorsed  by  M.  L.  Holman  and  S.  B* 
Russell  ;  Robert  F.  Grady,  indorsed  by  J.  A.  Seddon  and  J.  B.  Johnson  ;  John 
A.  Laird,  indorsed  by  W.  W.  Penney  and  S.  B.  Russell  :  Frank  Nicholson,  in- 
dorsed by  W.  B.  Potter  and  E.  A.  Eugler  :  Peter  W.  Schaumleffel,  indorsed  by 
W.  H.  Bryan  and  Chas.  W.  Melcher  :  John  P.  Thul,  indorsed  by  C.  M.  Woodward 
and  J.  B.  Johnson. 

Professor  Johnson  read  a  communication  from  the  Board  of  Managers  of  the 
Association  of  Engineering  Societies,  on  the  subject  of  a  closer  union  between  the 
societies  now  in  the  association  and  others.  On  motion  the  consideration  of  this 
paper  was  made  a  special  order  for  the  next  meeting,  November  16. 

Mr.  Chas.  E.  Jones  then  read  a  paper  on  "  Steam  Heating  at  Washington  Uni- 
versity, and  Experience  with  Underground  Pipes."  The  histor}'  of  the  system  in 
use  was  given,  with  details  of  its  construction  and  the  work  done.  It  was  shown 
that  the  boilers  were  regularly  doing  double  the  duty  which  was  originally  ex- 
pected of  them.  The  evaporative  efficiency  did  not  seem  to  be  reduced  when  the 
boilers  were  forced  in  this  manner.  Great  efforts  had  been  made  to  reduce  the 
smoke  and  many  devices  had  been  tested.  All  had  failed  on  account  of  the  ex- 
cessive duty  required  of  the  boilers.  The  underground  pipes  had  failed  after  years 
of  service  from  external  corrosion  due  to  the  accidental  admission  of  moisture  to 
the  conduits.  New  pipes  had  been  laid  recently  and  the  construction  of  the  new 
conduit  was  shown. 

Professors  Woodward,  Potter,  Gale  and  Messrs.  Bryan  and  Sharman  took  part 
in  the  discussion.  Mr.  Jones  added  that  a  new  stack  had  just  been  erected,  which 
had  increased  the  draft  sufficiently  to  permit  the  introduction  of  a  small  amount 
of  air  above  the  grates.  This  had  resulted  in  an  appreciable  reduction  of  the 
smoke. 

[Adjourned.li  Wm.  H.  Bryan,  Secretary. 
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November  16,  1887:— The  Club  met  at  Washiuj?ton  University  at  8:05  p.  m.. 
President  Potter  in  the  chair,  thirty  Members  and  four  visitors  present.  The 
minutes  of  the  last  meeting  were  read  and  approved.  The  doings  of  the  Executive 
Committee  meetings  of  October  21st  and  iNovember  16th  were  reported.  The 
Committee  recommended  the  following  persons  for  election  to  membership:  A.  C. 
Glasgow,  R.  F.  Grady,  J.  A.  Laird,  Frank  Nicholson,  P.  W.  Schaumleffel,  and  J. 
P.  Thul.  On  balloting  all  were  elected.  The  following  applications  for  member- 
ship were  announced  and  referred  to  the  Executive  Committee  :  Reno  DeO.  John- 
son, indorsed  by  Wm.  B.  Potter  and  Wm.  H.  Bryan;  Oscar  W.  Raeder,  indorsed 
by  C.  E.  Jones  and  C.  F.  White;  James  C.  Simpson,  indorsed  by  Louis  Stockett 
and  Wm.  B.  Potter:  Albert  H.  Zeller,  indoised  by  J.  B.  Johnsr.n  and  C.  M. 
Woodward. 

The  regular  order  of  the  day  was  then  taken  up,  being  a  communication  from 
the  Board  of  Managers  of  the  Association  of  Engineering  Societies.  The  discus- 
sion was  participated  in  by  Col.  H.  C.  Moore,  Profs.  Johnson  and  Nipher,  Messrs. 
Robt.  Moore,  Russell,  Seddon,  Ockerson,  Bryan  and  R.  E.  McMath  ;  also,  on  in- 
vitation, by  Mr.  A.  W.  Wright,  of  Chicago.  On  motion,  the  following  was 
adopted  : 

Resolved,  That  in  the  opiuion  of  the  Engineers'  Club  of  St.  Louis,  an  attempt 
at  an  organic  union  is  not  desirable.  We  therefore  decline  to  favor  the  recom- 
mendation of  the  Board  of  Managers. 

The  following  committee  on  nominations  of  officers  for  the  coming  year  was 
then  elected  :  J.  A.  Seddon,  chairman  ;  R.  E.  McMath,  S.  B.  Russell,  E.  A. 
Engler,  J.  A.  Ockerson.  Prof.  Johnson  then  read  a  paper  on  "Testing  the 
Strength  of  Engineering  Materials."  His  remarks  were  illustrated  by  sketches  on 
the  board  ;  he  also  showed  numerous  test  pieces  of  iron,  steel,  brick,  stone  and 
wood  ;  also  a  small  testing  machine  as  used.  The  professor  called  attention  to  the 
action  of  members  of  engineering  structures,  first,  when  the  stresses  was  applied 
and  removed  repeatedlj^;  and,  second,  when  in  addition  they  were  reversed.  The 
professor  applied  the  t«>rms  "  repetition  limit"'  and  ''reversal  limit"  to  the  maxi- 
mum loads  that  could  be  applied  under  such  conditions,  ajid  gave  simplified  form- 
ulae for  expressing  same.  The  experimental  research  necessary  for  determining 
results  under  these  conditions  required  gi-eat  time,  but  he  was  confident  that  event- 
ually data  of  great  value  would  be  secured.  It  was  shown  that  to  load  a  member 
slightly  beyond  its  elastic  limit  did  not  necessarily  injure  it;  in  fact,  to  thus  "take 
the  stretch  out  of  it"  might  even  benefit  it  for  some  purposes.  The  paper  was  dis- 
cussed by  Messrs.  Russell,  Moore,  Engler,  Seddon,  Potter  and  Nipher,  the  latter 
exhibiting  a  cast-iron  cap  which  had  been  attached  to  the  bottom  of  a  piece  of 
wrought-iron  pipe  filled  with  water,  and  broken  by  firing  a  rifle  ball  f i  om  above 
into  the  water. 

[Adjourned. '\  W.  H.  Bryax,  Secretary. 


WESTERN  SOCIETY  OF  ENGINEERS. 


November  1,  1887:— The  241st  meeting  was  held  at  8  p.  m..  President  Arting- 
stall  in  the  chair. 

The  minutes  of  the  preceding  meeting  were  read  and  approved. 

Mr.  John  F.  Barney,  contractor  and  builder.  No.  273^  Lakeside  Building,  Chi- 
cago, and  Mr.  Jacob  Rodatz,  contractor  and  builder,  No.  27)^  Lakeside  Building, 
Chicago,  were  elected  Members  of  the  Society. 

The  resignation  of  Mr.  Morehouse  as  Secretary,  tendered  at  the  preceding  meet- 
ing, was  discussed. 

Mr.  C.  L.  Strobel  offered  a  resolution  authorizing  the  President  to  appoint  a 
committee  of  three  to  take  steps  toward  due  recognition  of  the  services  of  Mr. 
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Morehouse  to  the  Society,  and  to  nomiuate  a  successor.  This  being  carried,  the 
President  nominated  as  a  connrittee  Messrs.  Fitzsimons,  Bates  and  Strobel,  the 
committee  to  report  at  next  meeting. 

A  communication  was  read  from  Mr.  H.  L.  Gay,  calling  the  attention  of  Mem- 
bers present  to  a  display  of  work  by  the  students  in  the  engineering  department 
of  the  Ann  Arbor  CoUege,  Michigan, 

Mr.  Scherzer  presented  a  discussion  of  the  pa}>er  read  by  Mr.  Lundie  at  the  pre- 
ceding meeting,  on  "  The  Economical  Height  of  Bridge  Trusses."  The  paper  was 
discussed,  also,  by  Messrs.  Artingstall  and  Strobel. 

It  was  intimated  bj'  the  President  that  at  the  next  meeting  a  paper  would  be 
read  by  Mr.  iiend  on  "  Field  Work,"  with  special  reference  to  contouring. 

lAdjourned.'}  JoHN  LUNDIE,  Secretary  pro  tern. 


ENGINEERS'  CLUB  OF  KANSAS  CITY. 


November  7,  1887;— A  regular  meeting  of  the  Engineers'  Club  of  Kansas  City 
was  held  at  the  Club  Room,  19  Deardo^ff  Building,  at  7:45  p.m.  There  were 
present  Messrs.  W.  B.  Knight,  A.  J.  Mason,  E.  B.  Kay,  A.  E.  Swain,  C.  E.  Tay- 
lor, S.  A.  Mitchell,  T.  F.  Wynne,  E.  W.  Stern,  Clift  Wise,  Kenneth  Allen  and 
five  visitors. 

On  a  canvass  of  ballots  by  the  Executive  Committee,  Mr.  Wynkoop  Kiersted 
was  elected  a  Member. 

The  minutes  of  the  last  meeting  of  the  Club  and  of  the  Executive  Committee 
were  read  and  approved. 

The  Secretary  read  a  letter  from  the  Executive  Board  of  the  Council  of  Engi- 
neering Societies  inviting  co-operation. 

On  motion  of  Mr.  Kay  it  was  voted  that  the  President  appoint  a  committee  of 
three  to  act  in  conjunction  with  the  other  committees  of  the  Council. 

The  President  appointed  Messrs.  Wise,  Breithaupt  and  Chanute. 

Victor  M.  Witmer  was  proposed  as  Associate  Member  by  E.  B.  Kay. 

Mr.  Wynkoop  Kiersted  read  a  paper  on  "  Water  Supply  and  its  Development 
for  Small  Cities  in  the  West,"  which  was  then  discussed. 

lAdjourned.]  Kenneth  Allen,  Secretary. 


INDEX  DEPARTMENT. 

ANNUAL  SUMMARY. 

It  is  proposed  to  Juniish,  in  this  department,  as  complete  an  Index  as  may  be 
of  current  engineering  literature  of  a  fragmentary  character.  A  short  note 
will  he  appended  to  each  title,  intended  to  give  sufficient  information  to  enable 
the  reader  to  decide  ivhether  or  not  it  is  worth  his  while  to  obtain  or  consult  the 
jiaper  itself.  The  Index  will  be  mostly  limited  to  society  and  magazine  articles, 
and  special  engineering  reports  of  general  interest  and  value.  It  is  printed  in 
the  monthly  issues  of  the  Journal,  on  but  one  side  of  the  x>aper,  so  that  the 
titles  maybe  cut  out  and  x>asted  on  cards  or  in  a  book,  and  is  here  collected  with 
additional  titles  and  many  cross-references. 

All  readers  of  the  Journal  are  requested  to  aid  in  making  the  Index  as  com- 
plete asjMssible.  All  notices  for  this  department^ and  all  matter  to  be  here  in- 
dexed, should  be  sent  to  J.  B.  JOHNSON,  Manager  Index  Department,  Washing- 
ton University,  St.  Louis,  Mo. 


Abutments.    By  Wm.  CaiD.     An  iovesdgatirn  of  their  proper  proportions  and  sizes, 

deduced  from  Raokin's  general  formula  of  earth  pressure.     Van  Nos.  Eng.  Mag., 

Vol.  VII.,  p.  453. 
Accidents  in  1886.    Tabulated  statement  of  train  accidents  for  1S86  classified:  also 

the  accidents  for  14  years   tabulated  according:  to_cature  and  cause.    R.  E.  (raz., 

Jan.  28,  1887. 
Accumulator,  The  Montand.     Full  account  of  the  construction  and  pov/er  of  the 

above  battery.     Sci.  Am.  Supple.,  June  18,  1887. 
Adjustment  of  a  traverse  by  the  method  of  least  squares.    Zeltch.f.  Vermessung.s- 

ivesen,  1887,  pp.  249-271.  287-297. 
Adjutages,  Submerged,  Experiments  with.    By  C.  W.  Clark.    Gives  details  and  results 

of  experiments  made  at  the  University  of  Illinois.   Jour.  Assoc.  Engr.  Soe  .  Vol.  VI^^ 

p.  398. 
Alloys,  Tests  of.    See  Tests  and  also  Bronzes. 
Aluminium.    Process  of  Dr.  Kleiner,  of  Zurich,  for  the  production  of  the  metal  direct 

from  cryolite.    Engineering,  March  25,  1887. 
,  Production  of,  loith  Special  Reference  to  the  Electrical  Method.     By  Dr.  Vander 

Weyde,  before  the  Am.  Inst.    Elect.  World,  Jan.  15, 1887. 
.    Notes  by  Messrs.  Cowles,  with  tables  of  physical  properties.    Railroad  Gazette, 


Oct.  21,  1887. 

.    Abstracts  from  a  report  of  Prof.  Un win  on  the  results  of  tbe  tests  of  a  bar  of 

aluminium  bronze  produced  by  the  Cowles  process.  Gives  breaking  weight,  37  tons 
per  square  inch;  elongation.  30  per  cent.;  elastic  limit,  13  tons  per  square  inch.  En- 
gineer, Jan.  7, 1887;  also  see  Engineer,  3a.n.  21,  1887. 

for    Ordnance  and  Armor  Plate.    Defects  in  present   steel  guns  and  probable 

advantages  to  be  gainel  by  substituting  aluminium  bronze.  By  R.  C.  Cole,  in  Eagi- 
neering  and  Mining  Journal  for  Jan.  22,  18i7. 

.    Its  production  by  means  of  the  Cowles  Electric  Furnace.      Thomas  D.  West, 

American  Machinist,  Oct.  16,  1886. 
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Ammoniacal  G-as  as  c  Motive  Poirer.  By  Emile  Lamm,  Gives  short  history  of  am- 
monia and  the  method  employed  to  convert  it  i  ito  a  liquid.  Also  gives  details  of  ex- 
periments made  with  a  meter  usinj?  ammonia  gas  instead  of  steam.  Van  Nos.  Eng. 
Mag..  Vol.  Y.,  p.  290. 

Anchor  Ice,  Stoppage  of  Flow  in,  a  Water  Main  bf/.  By  James  B.  Francis.  Gives  de- 
tail of  the  stoppage  of  tiow  at  the  Carleton,  N.  B.,  water-works  by  anchor  ice.  With 
discussion  in  Trans.  Am.  Son.  of  C.  E  .  Vol.  XVI.,  p.  171;  Am  Eng.,  July  1:3,  1887; 
also  editorial  Am.  Eng.,  July  30,  1887. 

Ang-le  Bars.  Why  Do  They  Break?  By  J.  A.  Weios,  before  the  Club  of  Engrs.  of 
Maint.  rf  Way.  Scuth-Western  System,  Pennsylvania.    R.  R,  Gaz..  Jan  14,  1886. 

Annual  Address.  A  review  rf  the  great  projects  of  the  year.  By  Washington  Jones, 
the  retiring  President  of  the  Philadelphia  Engineers'  Club.  Proc  Eng.  Chtb,  Fhila.. 
Vol.  VI  ,  p.  81. 

Before  Am.  Soc.  of  C.  E.     By  William  E.  Worthen.    Give?  resume   of  the  work 

of  engineers  during  the  past  year.  Eng.  New^i,  July  9,  1S87;  San.  Eng.,  Ja\y  W, 
1877. 

to  the  Weste7-n  Society  of  Engineers.    By  A.   W.   Wright.    Gives  brief  review  of 


some  of  the  principal  engineering  achievements  of  the  year.  J nir.  Assoc.  E  ig.  Soc. 

Vol.  VI.,  p.  181. 
A.ci\\ednct,  Accident  o a  the  New  Crotoii.    Gives  detailed  description  of  the   method  of 

timberinar  employed  in  the  tunnel,  and  shows  how  tlie  accident  happened.    Illustra- 

ed.    San.  Eng.,  Oct.  7. 1887:  also  Railroad  Gazette,  Sept.  16  and  30. 
. ,  Plant  at  Shafts  on  the  New  Croton.      Gives  description  of  the  plants  at  the 

different  shafts,  with  plans  of  arrangement     San.  Engr.,  Nov.  12,  1887. 
Arc,   Length   of  an.     Gives  a  new  formula  which  is  simple,  and  gives  results  near 

enough  for  practical  purposes.    It  also  admits  of  graphic  construction.     Van  Nos. 

Eng.  Mag.,  Yol.  VII.,  p;  464. 
Arch,  Cabin  John.    A  brief  illustrated  description  of  the^above  arch,  having  a  span  of 

220  feer.    E7^g.  News,  June  25,  1887. 
,  Geometry  of  the  Oblique.    Py  A.  Ewbank.    Develops  the  geometrical  theory  of 

the  oblique  arch.    Indian  Engineering,  April  30  et  seq.,  1887. 
,  Elastic  Theory  of  the.    By  Miiller,  BresJau.    Investigation  of  arches,  of  various 


uncommon  shapes.     Zeitschr.f.  Bauwesen,  1886,  pp.  274-304. 
— ,  Fal.^e  Skew.    A  communication  relating  to  the  practice  of  building  false  skew 

arches,  by  an  engineer  who  has  constructed  a  number  of  them.     Eng.  Neivs,  March 

26,  1886. 
— .    Simple  method  of  tracing  the  joints  in  elliptic  arches.     Eng.  Neivs,  Feh.  19. 

1887. 
— ,  }ro7i.    By  W.  Airy.    Eximines  the  conditions  for  equilibrium  of  a  voussoir  arch 

and  then  investigates  the  strains  of  a  continuous  iron  arc b.    Y an  Nos.  Enq.  Mag., 

Vol.  III.,  pp.  450  and  641. 
—  for  Sewers.    See  sewer  arches. 
— .  Voussoir,  Stability  of,  determined  graphically.    Proc.  Inst.   Civ.   Engrs.,  Vol. 


LXXXVI  ,  p.  217. 

Architect,  Sujiervising.  History,  organization  and  functions  of  the  office  of  the  Super- 
vising Architect  of  the  Treasury  Department,  U.  S..  54  pp.,  188'3.  Treas.  Dept.  Doc. 
No.  817,  Supervising  Architect. 

Architectural  Eng-ineering".  By  J.  N.  Richardson.  A  plea  for  more  art  in  engi- 
neering, and  more  engineering  in  architecture.  Jour.  Assoc.  Eng.  Soc,  Vol.  VI.,  p. 
173. 

Armor,  Belted  and  Internal.  By  J.  H.  Biles.  A  paper  before  the  Institution  of  Naval 
Architects  on  the  comparative  effects  of  belted  and  internal  protection  upon  the 
other  elements  of  design  of  a  cruiser.    Engineering,  April  15,  1887, 

Ashtabvxla  Disaster.    See  Bridge 

Asphalt  and  Concrete  Foot  Pavements.  By  George  R.  Strachan,  before  the  Associa- 
tion of  Municipal  and  Sanitary  Engineers.  A  valuable  paper  containing  much  infor- 
mation relating  to  asphalt.    San.  Eng.,  Aug.  6  and  13,  1887. 
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Asphalts.     By  Dr.   L.   jMeyer.    Abstracted   from  the  .most  complete  and  impartial' 

account  of  the  asphalt.s  hitherto  pubhshed.     Van  Nos.   Eny.  May..  Vol.  Vlll.,  p^ 

74.  etc. 

.    Description  of  dep  sits  of  asphaltum  in  California.    Eng.  News.  Jan.  8,  1887. 

Asphalt  Masonry  for  Engine  Beds.     Gives  method  of  laying:  asphalt  masonry  foi' 

foundation  of  engines.      Is  said  to  do  away  with  noise  and  jar.      Sci.  Am.  Supple., 

Feb    19, 1887 

for  Engine  Foundations .    An  account  of  such  foundations  for  a  100  horse-power 

engine  in  France.  Is  elastic,  and  does  not  settle  or  disintegrate.  Illustrated.  Engr. 
News,  Dec.  11.  1880. 

Autographometer.  A  brief  account  of  an  invention  intended  to  plat  to  a  fixed  .scale 
the  topography  and  levels  of  any  given  country.  IllUstratel.  Eng.  News,  May  7, 
1887;  Am.  Eng.,  May  4,  1887,  and  Set.  Am.  Sup..  June  4,  1887. 

Axles,  Effecis  of  Temperature  on  the  Strmigth  of  Rnilivay.  By  Thomas  Andrevv.s.  A 
valuable  paper,  giving  experimental  reseirch  on  the  effee';  of  varying  temperature 
on  the  resistance  to  impact  of  railway  axles.  Proc.  la-Ht.  of  C.  E.,  Vol.  LXXXVII.. 
p.  H40. 

Axle  Fracture  and  the  Remedy.     By  W,  B.  Adams.     Treats  of   wheels  and  axles, 

longitudinal  shocks,  haulage  resistance,  torsion,  etc.    Van  Nos.  Eng.  JMng.,  Vol.  IV  , 

p    174. 
Back-Water  in  Streams  Produced,  (>y  Dams.      By  De  Volson  Wood.      After  a  genera? 

discussion  gives  results  of  two  cases  occurring  in  his  practice.      Trans.  Am.  Sac.  C. 

E.,  Vol.  [I.,  p.  255. 

Balloouiiig*,  Military,  in  France.  An  account  of  the  most  recent  results  attained. 
Illustrated.    Sc.  Am.  Suppl.,  Nov.  6.  1886. 

Bars,  Ttie  Cause  of  the  Formation  o',  at  the  Mouths  of  Rivers,  as  Slioioi  in  the  E.cam- 
ination  of  the  Connecticut  River.  By^  Gen.  T.  G.  Ellis.  Gives  results  of  the  study 
of  cnanges  going  on  at  the  mouth  of  the  Connecticut  River.  Contains  information 
relative  to  the  water-shed  and  flow  of  Connecticut  River,  and  of  the  tidal  eurrentsi 
of  Long  Island  Sound.     Trans.  Am.  Soc.  of  C.  E.,  Vol.  H.,  p.  313. 

Bartholdi  Statue.  Plans,  elevations  and  sections  of  the  pedestal  and  its  foundations. 
San.  Engr.,  Oct.  23,  1886. 

Base  Measurement  by  Steel  Tape.  Methods  and  results  of  such  work  on  the  survey 
of  the  Missouri  River.  By  O.  B.  Wheeier.  The  results  show  that  astonishing  accu- 
racy is  attainable  in  th'S  w^ay.  Illustrated.  An.  Rep.  Missouri  Riv.  Co?n. .  1886. 
H.  Rep.  Ex.  Doc,  No.  28,  49/?j.  Congr.,  2d  Sess. 

Batteries.  A  paper  by  Desmond  Fitz  Gerald  before  the  Society  of  Telegraph  Engi- 
neers and  Electricians  on  reversible  lead  batteries  and  their  use  for  electric  lighting. 
Engineer,  March  25  et  seq  ,  1887. 

Beams  and  Girders,  Neiv  Practical  Formulas  for  the  strength  of .  By  Prof.  P.  H. 
Philbrick.  The  results  given  in  terms  of  the  dimensions  of  the  beam  for  various 
forms  and  loads.     Van  Nos.  Eng,  Mag.,  Oct.,  1886. 

Beams.  Strength  of  Cast-Iron  Beams  of  Various  Sections.  Some  experiments  by 
students  in  Prof.  Kennely's  laboratory.  For  b?ams  of  equal  area  of  section  the 
breaking  modulus  varies  inversely  with  the  stiffness.  Solid  square  and  round,  and 
also  hollow  box  and  circular  forms,  together  with  double  T  and  unsymmetrical 
forms  tested.    Inst.  Civ.  Engr.'i.,Yo].  L.XXXV1.  p.  23o. 

,  Fle.xure  and  Transverse  Resistance  of.    By  Chas.  E.  Emery.     The  relation  of 

the  cross-breaking  and  tension  moduli  of  in  u?e  discussed,  and  new  formulas  given, 
dependent  on  actual  tests  in  cross-breakmg.  Trans.  Ara  Soc.  Civ.  Engrs.,Yo\ . 
VIII.  (1879),  p.  149,  also  Vol.  IX.,  p.  353-361. 

,  Character  and  Position  of  Neutral  Axis,  as  shown  by  experiments  on  glass,  bj- 

pola-ized  light.  L.  Nickerson,  i')  Trans.  Am.  Soc.  Civ.  Engrs..  Vol.  III.  (1874\  p.  31 ; 
also,  by  J.  G.  Barnard,  Vol.  III.,  p.  123.  Discussion  on  these.  Vol.  IV.  (187.5),  p. 
277-289. 

,  The  Laics  of  tlie  Deflection  of.  By  Prof.  W.  A.  Norton.  Gives  results  of  experi- 
ments made  for  the  purpcr.e  of  testing  the  theoretical  laws  of  thedetiection  of  beams 
exposed  to  transverse  strains.     Van  Nos.  Eng.  Mag.,  Vol.  III.,  p.  70. 
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Belting-,  Transmission  of  Poicer  by.    Experiments  at  the  Mass.  Inst,  of  Tech.  and  of 

the  firm  of  Wm.  Selle>  &  Co.    Probably  the  most   thorough  investigations  of  the 

efi6cienc7  of  belling:  yec  published.     Trans.  Am.  Soc.  Mech.  E  igrs..  Vol.  VII.  pp  ,  347 

and  519. 
,  Link.    A  practical  paper  on  leather  belting  made  in  links.   Set.  Am.  Suppl.,  July 

9,  1887. 
Bessemer  Process   On  the  Generation  of  Heat  During  the.    A  good  paper  by  Mr.  A. 

Akerman,  before  the  Institution  of  Civil  Engineers  in  Sweden.    Van  Nos.  Eag.  Mag., 

Vol.  VIII.,  p.  ;J18. 
Beton  Used  for  Repairs.    See  Masonry. 
Bietrix  Briquette  Machinery,  for  utilizing  coal  slack.    Three  and  a  half  million 

tons  made  and  used  in  Europe  annually.    Described  and  illustrated.  Engr.  and  Min. 

Jour..  Dec.  11,  1880.    Age  of  Steel,  Nov.  13, 1886. 
Bill.    Liter-Staie  Commerce.    See  Commerce. 
Black  Process.    A  process  of  reproducing  drawings  which  gives  black  lines  on  a  white 

ground.     Building,  March  5,  1887,  also  Am.  Eng.,  March  16,  1887. 

Blast  Furnace     See  Iron. 

Blast  Furnaces.  By  Prof.  M.  L.  Gruner.  Treats  of  the  chemical  reactions,  heat  ab- 
sorbed aud  discharged,  weight  of  gases  at  the  mouth,  sampling,  etc.  Van  Nos.  Eng. 
Mag.,  Vol  VIII..  pp.  363,  450,  etc. 

^  Cost  o''.    By  B.  Samuelsoa.     Gives  notes  on  the  construction  and  cost  of  blast 

furnaces  in  the  Cleveland  District.  England,  in  1886,    Engineering,  June  17,  etc. , 
1887. 
Blasting-.     On  the  Simultaneous  Ignition  of  thousands  of  mines,   and  the  most  ad- 
vantageou-;  ^roup  ng  of  fii^ss     By  J.  H.  Surieiioger.     Illusti'ated.     Trans.  Am.  Soc. 
Civ  Engrs..  Vol  VI.,  1877,  pp.  177-19i. 

.     071  Igniting  Blasts  by  Means  of  Electricity.    By  JuUus  H.  Striedinger.    Avery 

complete  article  on  the  subiect  by  an  engineer  of  large  experience  in  such  work. 
Illustrated.     Trans.  Am.  Soc.  Civ.  Engrs.,  Vol.  VII.,  1878,  pp.  1-13. 
'Blocks.  Efficiency  of  Pulley.     B?  R.  S.  Ball.     Gives  detailed  account  of  experiments 
to  determine  the  mechanical  efliciency  of  different  forms  of  pulley-blocks.  Van  Nos. 
Eng.  Mag..  Vol.  VII.,  p.  74. 
Blue  Print  Frame.    Detailed  drawings  of  the  frame  used  in  the  Water  Department, 

Philadelphia.    Eng.  News.  Feb.  19,  1887.  / 
'Boiler,  St r.  •'EarVs.'"    Illustrated  description  of  the  boiler  placed  in  the  tug  and  sal- 
vage steamer  ''Earl."    Engineering,  Oct.  14,  1887. 
Boilers,  Co/mecfed  Arc  Marine.    A  demonstration  of  the  principles  of  their  construc- 
tion.    By   Chas.  E.  Emery.    Illustrated.     Trans.  Am.   Soc    Civ.   Engrs.,  Vol.    VI. 
(1877),  p.  169-176.    Discussion,  p.  274. 
,  The  Dupuis  Pattern.    Tests  in    Silesia  of  boilers  of  this  type  showing  an  evap- 
oration of  4  5  pounds  of  water  per  sq.  ft.  of  heating  surface  per  hour,  and   using 
from  60  to  70  pet*  cent,  of  the  heating  power  of  the  coal.    Consists  of  two  horizontal 
boilers  joined  by  one  vertical  tube  in  front  and  by  a  vertical  five  tubular  boiler  in  the 
rear.    A  new  and  rarst  efficient  type.    Abstracted  from  the  German.    Proc.  Inst. 
Civ.  Engrs.,  Vol.  LXXXVI.,  p.  45?. 

,  Kemp's  High  and  Low  Temperature  Marine.    Gives  illustrated  descripticn  of  the 

boiler  put  in  th.?  steel  ship  "  Bleville."    Engineering,  Jan.  21,  1887. 

—  of  the  S.  S.  "County  of  York.''    The  two  boilers  are  12  ft.  in  diameter  by  6}^  ft. 

long,  are  single  ended  and  each  contain,  thre'^  of  Fox's  corrugated  furnaces,  2  ft.  9 
in.  in  diameter  internally,  188  tubes  314  '"•  external  diameter:  heating  surface, 
2,692  sq.  ft.;  grate  area,  99  sq.  ft  Detailed  drawings  showing  arrangement  of 
stays,  tubes,  etc.    Engineering,  April  1,  1887. 

.    By  Wm.  P.  Trowbridge.    Treats  of  the  evaporative  efficiency  ot  steam  boilers. 

Van  Nos.  Eng.  Mag  .  Vol,  VII. ,  p.  546. 

.  Experimental.    By  Pi  of.  R.  H.  Thurston.    Gives  details  of  the  experiments  made 

at  Hoboken  and  Staten  Island,  on  full-sized  boilers.  Van  Nos.  Eng.  Mag.,  Vol  VI., 
p.  473. 
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Boiler  Explosions.  Bj'  Zerah  Colburn.  Very  valuable.  Treats  of  overheating,  elec- 
tricity, decompcsed  steam,  overpressure,  etc.   Van  Nos.  Eny.  Mag.,  Vol.  IX.,  p.  20&- 

.    Report  of  Mr.  Fletcher,  Engineer  to  the  Manchester  S' earn  Users' Association, 

Treats  cf  the  oveihfating  of  furnace  crowns  and  other  boiler  plates  when  covered 
with  water.     Vun  Nos.  Eng.  Mag.,  Vol.  I.,  p.  961. 

.  By  J.  M.  Allen.  A  lecture  in  the  Sibley  College  cour>ie.  Gives  an  elaborate  dis- 
cussion of  the  subject,  and  defines  a  theory  of  explosions.    Sci.  Am.  Supple.,  Feb. 

19,  1887. 

* 

Incrustotion.  Circular  prepared  by  the  Bavarian  Boiler  Inspection  Society,  con- 
taining statements  of  wiiat  is  most  important  for  boiler  owners  to  know  concerning 
feed  water  and  incrustation,    R.  R.  Gazelle,  Jan.  21,  1887. 

Tesls  at  Kashville,  Tenn.  By  John  VV.  Hill.  A  Sibley  College  lecture  describing- 
one  of  the  most  elaborate  tests  on  record.  Time  of  test  72  hours.  Five  boilers  under 
test.    Sc.  Amer.  Suppl  ,  Dec.  18,  1886. 

Tests  of  Material  and  Manufacture  prescribed  by  the  Steam  Users'  Associa- 
tion of  Manchester,  b'ng.     From  Iron,  in  San.  Engr.,  Nov.  27,  1886. 

.    A  table  giving  record  of  a  series  of  tests  nf  Galloway  boiler  made  by  tbe  Edge 

-Moor  Iron  Co.    Am.  ^nj/.,  March 'l6,  1887. 

,  Evaporation  of.    By  James  B.  Francis.    Gives  details  of  experiments  made  on  4 

Corliss  boilers.     Van  Nos.  Eng.  Mag.,  Vol.  Ill  ,  p.  175. 
Boring-  Apparatus.    By  Theo.  Allen.    An  illustrated  description  of  a  boring  machine 

worked  by  hydi-aulie  pressure.     Trans.  Am.  Sac.  C.  E.,  Vol.  II  ,  p.  33. 

Boring-  Machines  for  Mines.  By  31.  Alfred  Geyler.  Extracts  from  a  chapter  of  the 
nportcf  U.  S.  Com rriissi oner  lo  the  Paris  Exposition.  Treats  of  percussion  and 
rotary  drill.-;  also  of  boring  by  steam  and  compressed  air.  Fan  Nos.  Eng.  Mag., 
Vol.  III.,  p.  1-2. 

Box  Car,  Sixty-thousand  pound.  Detailed  drawing  and  specifications  for  a  60,00C-lb. 
box  car  for  the  Michigan  Central  Raihoad.    R.  R.  Gaz.,  March  25. 

'BTsik.e.  the  Carpenter  Eleetro  Air.  A  description,  with  illustrations,  showirg  details 
of  the  above  brakp.  The  power  is  comprf-sed  air  with  valves  worked  by  electricity. 
R  R  Gaz  .  May  3,  1S87. 

.  Eames'  Automatic  Vacuum.    Avery  full  illustrated  description  of  the  above 

brake,  with  cuts  showing  details.    R.  R.  Gaz.,  May  27, 1887. 

.  Gallon- IVestingJiouse  Experiments.      Details  of  the  experiments  by  Capt.  D. 

Galton  and  Mr.  Wtsiinghouse.  to  determine  the  effects  of  brakes.  Engineering,  May 
2.  187P;  also  R.  R.  Gaz.,  June  10,  1887. 

,  Tests,  the  Burlington.    Gives  resume  of  the  results  attained  in  the  above   tests. 

Also  editorial  on  same  subject.  R.  R.  Gazette,  May  20  and  27,  1887*,  also  Eng.  Neics, 
May  21.  1887.  A  very  good  analysis  of.  By  H.  Hollerith.  Sch.  of  Mines  Quar., 
October,  1887,  pp.  43-69.  Illustrated.  An  account  of.  By  W.  W.  Hanscom.  Trans. 
Tech.  Soc.  Pac.  Coast,  Vol.  III.,  p.  73. 

.    A  comparison  of  the  Burlington  brake  tests  of  1886  with  those  of  1887.     Eng, 

Neics,  June  25,  1887. 

.Burlington.    Gives  text  of  the  report  of  the  subcommittee  en  Electrica]  Appli- 
ances.   R  R.  Gaz.,  June  17,  1«87:  also  Eng.  Netvs,  July  9.  1887. 
Apparatus.    Gives  illustration  of  the  apparatus  used  in  the  brake  tests  of  the 

Berlin  Elevated  Railroad,  and  of  a  form  of  apparatus  proposed  by  Mr.  Albert  Kop- 

teyn  for  similar  tests.    R.  R.  Gaz  ,  March  4,  1887. 

.    By  W.  P.  Marshall.    Object  of  the  paper  is  to  ascertain  the  means  of  obtaitiing 

the  highest  degree  of  efficiency  and  safety  in  railway  traveling.  Describes  com- 
pound, chain,  air.  and  vacuum  brakes  and  their  appliances.  Jour.  Soc.  Arts,  March 
Hand  18,  1887. 
.  By  Chief  Inspector  Go.-tkowski.  Historv.  theory,  and  principles  of  construc- 
tion. An  interesting  and  valuable  arHcle.  Zeitschrift  des  Oest'^r.  Ingenienru . 
Architikiin  Vereivs,  1886,  pp.  .').2-68. 

,  Park  Electric  Freight  Train.    Gives  details  of  the  trial  of  the  above  brake  made 


at  Burlington.  U.,  Dec.  .30,  1886.    R.  R.  Gaz.,  Jan.  7, 1887. 
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Brake,  Hevieio.    By  W.  E.  Hall.    A   review  r  f  the  tests  at  Burlington,  la.,  during  July 
and  Aug.,  1886.    Pioc.  E>ig.  Club  of  Philadelphia,  Vol.  VI..  p.  4. 

Valve,  The  Eames  pattern.  Acts  the  sameasthe  Westinghouse,  but  much  simpler. 


Described  and  illustrated.    R.  R.  Gazette,  Oct.  15,  1886. 

.  Air.   Test   of   Westi-.ighouse .      Gives   table  showing  results  obtained  with  an 

experimeLtal  50-car  freight  train  during  October  and  November,  1887.    R.  R.  Gaz., 

Nov.  11,  1887. 

Brick  Industry,  About  New  York.  By  Calvin  TnmUins.  Gives  a  good  review  of 
the  condition  of  the  brick  industry  about  New  York.  Trans.  Am.  Soc.  C.  E. 
Abstracted  in  Eng,  Neivs,  June  11,  1887. 

and  Brickivork.    By  Prcf.  T.  Rogers  Smith.     A  lecture  delivered  at  Carpenter's 

Hall,  London  Wall.  E.  C.    Building.  April  23, 1887. 

,  Resistance  of.  to  a  Crush i)ig  Force.    B.v  George  S.   Green,  Jr.      Givfs  details  of 

the  crushing  of  six  bricks.     The  force  required  for  crushing  varied  from  1,734  lbs. 
to  ''.,362  lbs.  per  sq.  in.    Proc  Am.  Soc.  of  C.  E.,  Vol  H.,  p.  186. 

' ftnd  Brickwork:      By  Prof.  T.  R.   Smith.     Givps  a  good  historic  and  technical 

review  of  the  subject.    Sci.  Am.  Supple.,  July  9,  1887. 

-Tests  for  Vosburg  Tunnel.    Tests  in  crushing  and  cross-breaking,  as  well  as  for 

absorption,  of  eleven  different  makes,  and  over  350  samples,    fi.  R.    Gazette,  Oct. 
15.  1886 

Piers.    See  Tests  of  Engineering  Materials. 

Brickwork,  Strength  of.  A  good  article,  containing  formulae  deduced  from  many 
experiments.     Van  Nos.  Eng.  Mag..  Vol.  VII..  p.  425, 

Brick-Making-  in  England.  A  paper  by  Henry  Ward,  with  discussion,  giving  methods 
used  in  the  plastic,  semi-plastic,  and  semi-dry  processes,  by  1  and  and  machinery, 
with  various  kinds  of  clavs.  Cost,  strength,  etc.,  given.  The  whole  occupying  38 
pp.,  with  many  cuts,  in  Trans.  Inst.  Civ.  Engrs.,  Vol.  I.XXXVI.,  p.  1. 

JBvidge  A-CCidents,  On  the  Means  of  Averting.  Report  of  a  Committee  of  the  Am. 
Soc,  consisting  of  Jas.  B.  Eads.  C.  Whaler  Smith.  Thos.  C.  Clarke,  J.  W.  Adams,  A. 
P.  Boiler,  Chas.  Macdonald,  and  Tteo.  G.  Ellis.  The  Committee  brought  in  four 
reports.  Trans  A.m.  Soc.  Cir^  Engrs.,  Vol.  IV.  (1875).  p.  122-135.  Discussion,  p. 
20S-222. 

,  Aj)pomattox,  High    Illustrated  description  of  the  method  of  replacing  21  s^ans, 

of  112  feet  each,  of  Fink  truss  by  Pratt  truss,  without,  stopping  traffic.  Eng.  News, 
Oct.  22,  1887. 

,  Relative  Quantities  of  Material  in,  if  different  kinds  and  heights.  By  Charles  E. 

Emery.  Two  papers  and  discussion.  Plates.  Trans.  Am.  Soc.  Civ.  Enqrs.,  Vol.  VI., 
pp.  234-249;  also  pp.  277-288,  and  Vol.  VII.,  p.  192. 

■ — ,  Upright  Arched.      Papt  r  by  Jas.  B.  Eads.  on  the  St.  Louis  Bridge,  in  Trans.  Am. 

Soc.  Civ.  Engrs.,  Vol.  HI.,  p.  195,  and  discussion  running  through  Vol.  JV. 

.     The  Ashtahv.la  Disaster.    A  careful  description  of  the  structure  and  an  account 

of  the  probable  method  of  failure.  By  Charles  Macdonald.  IHustrated.  Discussion. 
!r/-o;(S.  ^m.  Soc.  C?f.  £H//r,s.,  Vol.  VI.,  1877,  p.  74-87.  Discussion  crmtinued  oi  p. 
19;-222,also  p.  231-234. 

— ,    Bagain    River,    India.     Description,    with    extracts  from  the    speci<ications. 

Double-page  plate  gives  place,  elevation  and  principal  detail'.  Engineering,  May 
27  and  June  10,  1887. 

■— — ,  Barrel  Pier.    Detailed  drawing  and  description  of.     Used  by  theC,  B.  &  Q.  R.  R. 

in  renewing  pile  piers  and  wooden  bridges.     R.  R.  Gaz..  Feb.  11,  188V. 
• .  Fall  of ,  over  tlie  Big  Otter  River.    An  illustrated   description  of  a  bridge  that   ^ 

gave  way  under  a  loaded  coal  train,  killing  seven  men.    Plan  and  elevation  shown. 

R.  R.  Gaz.,  April  8,  1887. 

,    Blair  Crossing.    Gives  full  descrip'don,   with  plates  showing  details,  of    the 

bridge  over  the  Missouri  River  at  Blair,  Neb.  Plates  reproduced  from  the  Chief 
Engineer's  report.    Enginering,  Sept.  2, 1887. 
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Bridges  (tnd  Bnildinys,  German  Spfcificdtions  for  Iron  Construction  in.  Gives  speci- 
fications adopted  by  the  German  Architects  and  EuKlneenng  Societies  in  co-operatiou 
with  Ge-^man  Society  of  Engineers  and  the  Society  of  German  Iron  Manufactures, 
188G     E)ig.  Neirs,  Aug.  6,  1887. 

,  Bnssey,  Design  and  Strains  of.    A  communication   by  H.  S.  Prichard.  showing 

strains  in  the  Bu'sey  Bridge.    Eng.  Ntus,  April  '-i,  1887. 

.    Plan  proposed  by  J.  Freeman  Clark  for  a  tiuss  bridge  for  very  long  spans 

Jour.  Assoc.  Eng.  i>oc.,  Dt-c,  ]886. 
,  Caisson  for  Pier  II.  of  the  Maithattan.    Good  description  of  a  caisson  104.8  ft. 

long,  54.4  ft.  wide  and  13.3  high,  recently  placed  in  position.     Engr.  News,  May  138, 

1887. 
,  Caissons.   A  paper  before  the  Am.  Soc.  of  C.  E.  hy  F.  Collingwood,  giving  notes 

on  the  caissons  of  the  East  River  Bridge.     Trans.  Am.  Sac.   C.  E.,  paper,  No.  XXX., 

also  Van  Nos.  Eng.  Mag.,  Vol.  VII.,  p.  390. 
Analytical  and  Graphical  Methods  for  Calcvlating  Continuous  Bridges.      By 

M.  Berrrand  de  Fontviolant.      Takes  ctccount  of  flexure  of  piers,    expansion,  etc. 

Contains  little  that  is  not  givrn  in  the  works  of  Winkler,  Levy,  Mohr  and  Cullmann. 

Mem.  de  la  Soc.  des  Ing.  Civils.  Sept.,  1885,  pp.  2o5-24:Sl 
,  Replacing  the  Conestoga.     Gives  method  employed   to  shift  the  old  bridge   on 

to  the  temporary  trestles.    Cuts  show  details  of  trestle  pier.    Eng.  News,  Oct.  22, 

1887. 

,  Chatham  Street  Extension  of  the  Nero  York  and  Brooklyn      A  description,  with 

plan,  elevation  acd  details,  of  the  extension  of  the  New  York  and  Brooklyn  Bridge. 
R.  R.  Gazette   May  13,  1887. 

,  Formulas  for  the  Weight  of  Girder.     By  Max  Am  Ende.    A  discussion  of  the 

various  formulas.    Proc.  Inst.  C.  E.,  V^ol.  LXXXVIL,  p.  386. 

Computations.    Two  communications 'of  value  by  Bridge  Engineers  Geo.  H. 

Pegram  acd  J.  P.  Snow,  and  also  an  editorial  on  more  simple  methods  of  computing 
stresses  in  bridge  members.  Both  favor  a  uniform  load  with  a  single  concentrated 
excess.     Examples  given.    Illustrated.    R.  R.  Gazette,  Dec.  10,  1HH6. 

Construction.    Discusses  the  proper  inclmation  of  tie  and  strut.     I'an  Vo.s-.  Eng. 


Mag.,  Vol.  I.,  p.  233. 

and  Culverts.     Detailed  drawing  of  a  number  of  bridges  and  culverts  recently 

CLHsfructed  on  the  Eastern  ai:d  Midland  R.  R.,  England.  Engineering.  Jan.  14  and 
21,1887. 

ocer  the  Danube,  An  Account  of  the  Erection  of  a.  Hy  W.  Howard  White.  De- 
scribes the  manner  in  which  four  spans  of  lattice  tru-s,  each  225  feet  lonjr.  were  built 
upon  shore  and  shoved  out  over  the  piers  iat  J  ihei-.-  proper  po.«ition.  Trans.  Am. 
Soc.  C.E  .  Vol  II.,  p.  291. 

.    East    River.    By    F.    Colliogwood.    A   valuable    paper,  giving  details  of  the 

masonry  work  on  the  towers  and  anchorages  of  the  East  Biver  Bridge.  Trans.  Am. 
Soc.  C.  /?.,  Vol.  VI.,  p.  7. 

,  East  River.    Second  annual  report  of  tbe  Chief  Engineer  of  the  New    York 

Bridge  Co.     Van  Nos.  Eng,  Mag.,  Vol  V.,  p.  3S1. 

,  Proposed  Detroit  River.    Plan  and  elevation  of  the  proposed  winter  bridge  across 

the  I»etroit  River,  at  Detroit.    E7ig.  News,  March  5,  1887 

Building,  True  Economy  of.    By  A.   D.   Ottewell.    Endeavors  to  show   that  to 

secure  n-ue  economy  in  bridge  building,  beside  providing  tor  future  increase  in  roll- 
ing load,  we  must  adopt  a  new  method  of  dimensioning.  R.  R.  Gaz.,  Mar«h  25, 
1885. 

with  Concrete  Floors.    By  B.  K.  Field.    Describ*>s  the  usual  forms  in  which  such 

bridges  are  built.    Report  Conn.  Asscc.  C.  E.,  1887,  p.  15. 

,   Fall  of  a  Suspeiision.    Gives  details  of  the  failure  of  the  suspension  over  the 

Ostrawiizaat  Ostraw.    Illustrated.    Sa>i.  £7iig^.,  Sept.  24,  1887. 

Floors.    Comparative   Weight  and  Cost.     Table  showing  weight   and   cost  of 

various  types  of  bridge  floors.  By  E.  Olander.  The  Mechanical  PToWd,  April  2. 
1887.  • 
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Bridge,  Forth.  The  sixteenth  quarterly  report  of  progress  made  to  the  Board  of  Trade. 
Am.  Eng.,  May  18,  1887,  also  Encjineering,  April  lii,  1887. 


— ,  Forth,  Erection  of  the.  A  full  page  illustration  and  brief  description  of  the  erec- 
tion of  the  cantilever  pier  superstructure.  Engineer,  Frb.  -4,  1887,  also  see  R.  R, 
6'a2;.,  March  11,  1887. 

— ,  Forth.    A  lecture  delivered   at  the   Royai  Institution,  by  Benj.  Baker,  on  the 


bridging  of  the  Firth  of  Forth.   Illustrated  by  general  views  of  structure.    Engineer- 
ing, July  29,  etc.,  1887. 

— ,  Forth,  Machinery  at.    By  Wm.  Arrol,  before  the  Institution  of  Mechanical  Engi- 
neers.   Gives  description  of  the  machinery  employed  ia  tl:ie  erection  of  the  Forth 
Bridge.    Illustrated.    Engineering,  Sept.  9,  1887. 
,  Forth.    A  full-page  illustration  showing  the  erection   of  the  south  pier  of  the 


Forth  bridge.    Eng.  News,  April  2,'  1887. 

An  illustrated  description  of  the  iaftwier  iHiprored  J?e-ra«7ui(/  Bridge  Safety- 
Guard.    Engr.  Neivs,  Ftb.  12,  1887. 

,  On  Some  Points  for  the  Consideration  of  English  Engineers,  with  reference  to 

the  Design  of  Girder  Bridges.  A  paper  before  the  Br.  Assoc.  Adv.  Sc.  Opposes  the 
Board  of  Trade  Rules  and  favors  the  American  practice.  The  Engineer,  Sept.  10, 
1886.    Also  Engr.  News,  Oct.  30.  1886. 

,  Hamnursmith.    A  two-page  plate  showing  plan  and  elevation:  a!so  cuts  showing 

details  of  towers,  chain  saddles  afld  anchorages.  Engineer,  Apx'il  22  and  27.  1887. 
Details  of  construction  of  towers  and  roadway  suspension  connectors,  also  details 
of  pier  foundations,  chains  and  anchorage.    Engineer,  May  2^,  1887. 

,    The    Hannibal.    Gives   descriotion    of   the    combined  highway    and  railroad 

bridge  across  the  Mississippi  River  at  Hannibal,  Mo.  Van  Nos.  Eng.  Mag.,  Vol.  V., 
p.  306. 

■ ,  SinJcing  the  Foundation  for  the  Harlem  River  Bridge  at  IS  1st  stree:.  New  York 

City.  Descrip'ion  of  ciisson,  and  method  of  sinking  in  a  be  1  of  part  earth  and  part 
rock,  with  an  account  of  the  comparative  advantages  of  dynamite  andracKarock  for 
blasting  under  such  conditions.    Scientific  American,  April  16, 1887. 

,  Harlem  River.    A  brief  description  of  the  draw-bridge  over  the  Harlem  River, 

with  illustrations  of  details.    Engineering,  April  1,  1887. 

.    See  Continuous  Gir J ers.    SeeEyebars. 

,  Over  the  Icicuij  River,  Brazil.      Total  length  3,953  feet.  60  spans  of  78  feet,  and 

4  spans  of  230  feet.    Two-page  plate  showing  details.    Engineering,  Feb  1 1 ,  1887. 

,  Hawkshunj.    A  description  of  the  above  bridge,  with  plates  showing  strain 

sheet,  method  of  loading  and  various  details.    Engineering,  April  8-22,  1887. 

,  Haivkesburrj.  A  two-page  plate  showing  general  design  and  details.  Engineering,. 

Feb.  25.  1887. 

^Highway.    Drawing,  with  dimensions  of  two  types  of  highway  bridges,  built   by 

the  N.  Y..  iV.  H.  &  H.  R.  R.     R.  R.  Gaz.,  Oct.  28,  1887. 

^  Highioay     By  M.  J.  Butler.     Attempts  a  practical  treatment,  and  endeavors  to 

make  plain  same  of  the  principles  of  design.  Froc.  Prov.  Land  Surv.  of  Ontario  for 
1887. 

Inspection  on  the  Erie  R.  R.     Gives  description  (,f  the  blank  employed  and  the 

general  orders  for  the  inspection  of  biudges.  i  R.  R.  Gaz.,  July  29,  1887. 

,  Iron,  Tests  of.    See  Iron. 

,  Construction  of  Pier  4:  of  the  Kansas  City.  Gives  details  of  the  method  em- 
ployed and  the  obstacles  met  with.     Van  Nos.  Eng.  Mag.,  Vol.  III.,  p.  404. 

,  Keokuk  and  Hamilton.    Statement  of  the  public  test  of  the  bridge  over  the 

Mississippi  River  at  Keokuk,  la.     Van  Nos.  Eng.  Mag.,  Vol.  V.,  p.  374. 

,  over  the  Lachine  Rapids.    A   lithographed  sheet,   20  x  48  in.,   showing   general 

elevation,  strain  diagrams,  make-up  of  different  spans,  numerous  cross  sections,  de- 
tails of  construction  and  graphical  computation  of  strains  of  the  St.  Lawrence  River 
bridge  over  the  Lachine  Rapids,  Canada.  Copies  may  be  had  of  Jno.  McKittrick,  St. 
Louis,  Mo. 
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Bridg-e.  The  Lachine  Across  the  Sf.  Lawniice  at  Montreal.  Tlo'  Founilations.  By  G. 
H.  Massv.  Axul  theSupemtructuri'.  By  J.  W.  Sohaub.  Illustrated.  These  are  the 
first  au'^horitative  descriptions  of  this  important  structure.  3."j  po.  and  2  plates,  in- 
cluding: discussion.     lYans.  Can.  Soc.  Civ.  Engrs.,  Vcl.  I  ,  1887,  p.  36. 

,  Proposed  Lony  Island.    A  description  of  f^he  proposed  bridge  between  New  York 


and  Long  Island,  over  Black  well's  Island.  To  consist  of  two  cantilever  oridges  of 
810  fi.  in  the  clear,  resting  on  braced  steel  piers J.J10  f f.  high.  Gereral  elevation  and 
same  details  in  Eng.  News,  April  23, 1887. 

,  Louisville  and  Neiv  Albany.     A  sliort  d-scription   by  the  engineers,  T.  C.  Clarke 

and  Chas.  Macdonald.  Read  before  the  British  Asso'-.  for  Adv.  Science.  1SS6. 
Wirh  a  full  page  illustration.     Engr.  Netc^,  Nov.  27,  1886. 

.    See  Weights. 

,  Manhattan.    Description  of  the  elevated  railroa  3  bridge    over  Harlem  River 

New  York,  with  cuts  showing  details.    Sci.  Am.  Sup.,  May  14, 1887. 

" ,  International  across  the  River  Minho  (Spain  and  Portugal).  Detailed  descrip- 
tion of  foundations  and  superstructure,  lattice  contiijuous  girder,  5  spans,  GL  5  to 
69  me^^ers.  progress  of  the  work,  tesis  of  materials,  etc.  Revista  de  Obras  Piibliras, 
1886,  January  to  June. 

,  The  Mississippi.    Extract  from  the  Report  to  the  Secretary  of  War  by  the  Board 

of  U.  S.  Engineers  on  the  bridging  of  the  Mississippi  hiver  at  St.  Louis,  M'^.  They 
report  against  a  low  bridge  below  the  mouth  of  the  Missouri  River  and  emphasize 
the  difference  of  the  Mississippi  above  and  below  the  mouth  of  the  Misjrouri.  San. 
Eng.,  April  L'3,  1887. 

,  Newark  Bay  Draic-bridge.    Gives  illustrated  description  of  the  old  draw-bridge 

on  the  New  Jersey  Central  road  now  being  replaced  by  a  new  bridge.  Also  snows 
the  construction  of  the  temporary  drawbridge  now  in  use.  R.  R.  Gaz.,  June  17, 
1887. 

,   Central  Avenue,  at  Newark,  N.  J.    By  A.  P.  Boiler.    Describes  a  novelty  in 

bridge  engineering.  The  bridge  crosses  the  Morris  Canal  at  a  very  sharp  angle,  and 
is  also  intersected  by  two  streets.     Trans.  Am.  Soc.  of  C.  E..  "Vol.  II.,  p.  379. 

.  The  New  Market  Street  Bridge,  Philadelphia.    A  deck-cantilever  high  ^ray  bridge 


77  ft.  wide  and  528  feet  long.    Plans,  elevations,  and  details.    Engr.  News,  Oct.  16^ 

1886. 
— .  Niagara  Suspension.    An  abstract  of  a  paper  by  Mr.  L.  L.  Buck  before  the 

American  Society  of  Civil  Ecgineers  on  the  methods  employed  in  renewing  the 

towers  on  transferring  the  cables  of  the  Niagara  Suspension  Bridge.    R.R.Gaz., 

Nov.  4,  1887;  also  Eng.  Neios,  Dec.  10,  1887. 
— ,  The  Niagara.  The  reinforcement  of  the  acchorage  and  renewal  of  the  suspended 

superstructure  of  the  Niagara  Railroad  Suspension  Bridge.    By  L.  li.  Buck.    An 

elaborate  paper  of  34  pp  ,  fully  illustrated,  desc.  ibing  a  very  important  work.  Trans. 

Am.  Soc.  Civ.  Engrs..,  Vol.  X.  (1881),  p.  19.j. 

—  at  Pato.  By  M.  T.  Leyrig.  Interesting  account  of  this  great  bridge,  180  m.  in 
span;  with  plates.    Mtm.  de  la  Soc.  des  Ing.  Civils,  January,  1886,  pp.  38-79. 

—  Pins.  By  Chas.  Bender.  A  valuable  paper.  Gives  a  mathematical  deduction  of 
the  proportions  of  pins.  Van  Nos.  Eng.  Mag.,  ^o\.\'K.  ,xi. '19^.  A  criticism  on  the 
above  article  by  Prof,  De  Volson  Wood.    Van  Nos.  En^.  Jtfa.gr.,  Vol.  IX.,  p.  504. 

— ,  Erection  of ,  at  Poh I.    By  F.  Oliea.    Bridge  wa.s  of  two  spans.    Each  span  was 


erected  on  land,  supported  at  one  point  on  a  scow  and  at  another  ou  rollers.  By 
moving  the  scow  out  to  the  centre  pier  and,  with  the  aid  ot  the  tide,  the  bridge  was 
easily  put  in  place.  Zeitschr.  d.  Oester.  Ing.  »«.  Arch.-Vei-ein.-:,  1886,  pp. 
106-1C8. 

— .Foundation  and  Substructure  of  the  Pov.ghkeepsie.  Gives  description  of  the 
methods  used  for  founding  the  pier,  and  some  details  of  the  difficulties  met  and 
overcome.  Illustrated.  Eng.  News,  Oct. 'riQ,  1887;  see  also  Engi7ieenng,  Aug.  26, 
1887,  and  R.  R.  Gaz  ,  July  1,  1887. 

— ,  St.  Charles.  A  history  of  the  entei prise  and  notes  ou  the  construction  of  the 
bridge.     Van  Nos.  Eng.  Mag.,  Vol.  V..  p.  186. 
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Bridge.  C'aniil<%ier  over  St.  John  River,  New  Bnmswick.  Fuliy  iliustiated  iu  £/i.(/i- 
necring,  Aug.  6,  Aug:.  ^7,  Sept  10  and  Sept.  24,  1886.  Description  in  number  of 
Sepr.  2-i. 

,  Sf.  Laivrcnce  River.    A  paper  by  Mr.  J.  W.  Schaub  before  the  Canadian  Society 

of  Engineers.  Gives  an  illustrated  description  of  the  superstructure  of  the  bridge 
over  the  St.  Lawrence  River  at  Lachiue  Rapids.  Also  the  di.«^cuss.ion  of  the  paper. 
Eng.  News,  Oct.  1  aod  8,  3887. 

,  Saulf  Sfe.  Marie.    A  description  of  the  bridse  building  over  the  present  ship 

canal  and  river  at  Suult  Ste.  Marie,  Mich.    R.  R.  Gaz.,  July  15,  It-RT. 

,  The  Neiv  Portage.    A  viaduct  8.j0  ft.  long:  a."d  234  f  c.  high,  built  of  wrou?ht-iron, 

in  ]87.>.  Geo.  S.  Morisou.  Illu.strated.  Trans.  Am.  Soc.  Civ.  Eiigrs.,  Vol.  V. 
(1876),  p.  1-8. 

.  Specifications  for  iron  bridges  in  use  on  the  Erie  Railroad.    Van  Nos.  Eng.  Mag., 

Vol.  IX  .p.  87J. 

,  Specification  for  Rnilway.    A  paper  by  Edwin  Thatcher  before  the  Engrs.  Soc. 

of  West  Penn .  Treats  of  the  general  specification  of  the  Keystone  Bridge  Company. 
Am.  Eng  .  April  20,  1887. 

.  Specifications  for  Iron  Bridges.    By  Joseph   M.  Willson,  with  a  discussion  by 

Messrs.  (Jooper,  White,  Bouscaren,  Burr,  Robinson,  Vose,  Davis,  Swain,  Moultou, 
Boiler,  Merrlman,  Dagron,  Sellers,  Thatcher,  Pegram,  Schneider,  and  Clarke,  the 
whole  covering  over  100  pages.  This  is  the  latest,  fullest,  and  best  SDurce  of  informa- 
tion on  this  subject  in  print.  Trans.  Am.  Soc.  Civ.  Engrs.,  June,  1886,  Vol.  XV.,  p. 
;^89.  See  also  Dimensions  of  Iron  Stiuctures,  by  Prof.  Krohn,  abstracted  in  Proc. 
Inst.  Civ  Engrs  ,  Vol.  LXXXIV,,  p.  461.  By  J.  A.  L.  Waadeli.  A  critici'^m  on  the 
specification  of  Mr.  Joseph  M.  Wilson.  Also  advocates  the  use  of  general  specifica- 
tions for  ordinary  cases  and  special  specifications  of  extraordinary  case.  Trans, 
Am.  Soc.  C.  E.,  Vol,  XVI..  p.  3.S.  By  J.  M.  Wilson.  A  reply  to  the  above  article. 
Tran.s.  Am.  Soc.  C.  E.,  Vol.  XVI.,  p.  38. 

,  Suspension.    By  C.  Bender.    Traces  the  successive  improvements  in  their  mode 

of  construction.    Trans.  Am  Soc.  C.  E.,  also  Van  Nos.  Eng.  Mag.,  Vol.  IV.,  p.  594, 

,  Hydraulic  Swing.    By  W.   E.   Armstrong.       Describes  the  Armstrong   Swing 

Bridge  over  the  Ouse.     Van  Nos.  Eng.  Mag.,  Vol.  I.,  p.  988. 

,  Swing .     Description  of  the  swing  bridge  over  the   Masnerlsund,  between  the  Isle 

of  Falster  and  Seelan  I,  Denmark,  with  plan,  elevation  and  some  of  the  more  im- 
portant details.    Engineer,  March  4.  1887. 

— '■ .    Newer  Bridges  in  SivitzerJand.    By  O.   Riese.    Interesting  description,  with 

detailed  drawings.    Zeitschr.  f.  Baiiwe.sen,  1886,  pp.  214-228,  352-367. 

.  The  Tay.      Gives  a  condensed  description  of  the  new  Tay  bridge.    Eng.  News, 

Aug.  t),  1887:  also  see /S'ci.  ^/H.  Sup.,  July  16,  1887.  Paper  by  F.  F.  S.  Kelsey, 
Railroad  Gazette,  Sept.  2,  1887. 

—.  On  the  Erection  of  the  Saperstructnre  of  the  Tay.    By  A.   S.   Biggart.    Interest- 


ing account  of  the  methods  used  and  full  details  of  the  operations.  Sci.  Am.  Supple., 
Feb.  12,  1887. 

~.  Traveling.  A  brief  illustrated  description  of  a  traveling  bridge  or  rolling  ferry, 
between  St.  Malo  and  St.  Servan,  in  nortn  France.  Docks  of  masonry  are  built  out 
from  eitiier  side  into  the  harbor  leaving  a  waterway  of  300  ft.:  tney  are  35  ft.  high, 
ti  Te  oeing  33  ft.  The  bottom  is  hire  at  low  tide.  The  truck  runs  on  two  rails  placed 
on  th*^  bottom  and  will  cirry  about  100  passengers.    San.  Eng.,  April  23.  1887. 

— ^  The  Verrugas.  Erection  of.  By  L.  L.  Buck.  A  viaduct  250  ft.  high,  erected 
without  false  works,  by  means  of  a  suspension  cable.  Illustrated.  Trans.  Am.  Soc. 
Civ.  Engrs.,  Vol.  v.  (1^76),  p.  103-106.     Discussion  on  p.  240. 

— ,  Vibration  of.  By  S.  W.  Robinson.  Presents  facts  and  figures  obtained  by  the 
applicaJion  cf  an  indicator  to  railway  bridges  to  investigate  the  cumulative  vibra- 
tion. Describes  the  indicator  and  its  application  and  mentions  some  of  the  conclu- 
sions toward  which  the  figurt-s  point.     Trans.  Am.  Soc   C.  E.,  Vol.  XVI.,  p.  43. 

— ,  Formulas  for  the  Weight  of .  By  A.  J.  DuBois.  Presents  a  series  of  rational 
formulas,  which  accommodate  any  specifications  and  design,  and  gives  accurately 
the  weight  of  iron  for  any  given  style.  Followed  by  38  pages  of  discussion  by  prom- 
inentlbridge  engineers.     Trans.  Am.  Soc.  C.  E.,  Vol.  XVI.,  p.  191,  et  seq. 
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British  Ordnance  Survey.  History  of  in  BUickw-orrs  Xmjnzine  for  C^ctober,  1S8G. 
Aostraci  given  in  ICngr.  JS'ews,  Nov.  6.  1886. 

Bronzes,  The  Strongest  of  the      Themelhod  described  of  findiiie'  tbis  combination; 

also  stregth  sl:o\vn  graphically  for  all  combinations.      By  Prof.  Thuston.      Trans. 

Am.  Soc.  Civ.  Engrs.,  Vol.  X.  (18Slj,  p.  1  ;    also  Van  Aos.  Eng.   Mag.,  Vol.  Sfi,  p. 

1'.26;  also  i^upplemental  paper  in  Tr,  Am.  Soc.  C.  E.,  Vol.  X.,  p    309. 
Building- Material,  Sfre»f7//i  o/.    Abstracted  from  a  taper  b.v  Capt   Siddon  before 

the  Inst,  of  British  Architects.     Van  Nos.  Eng.  Mag  .  Vol    VII  ,  p    254 

'Byxilding  Ston.es.  E.vperimentalTe^te  of .  By  Geo.  Hatfield.  Gives  t&blesof  break- 
ing weights  cf  a  variety  o£  building  stones  and  bricks.  Also  shows  the  effect  of  the 
j>ulphate  of  soda  tests.    Trans.  Am.  Soc.  C.  E.,  Vol.  II.,  p.  145. 

of  the  U.  S.     Report  on  in  Vol.  X.,  U.  S.  Census  1880,  Quarto,  400  pp.,  and  58 

full  page  colored  plates.  Gives  composition,  distribution .  physical  properties  and 
q  uany  statistics.     H.  Rep.  Misc.  Doc.  4-2,  pt.  10,  Alth  Congtfs.s,  2d  Scis.,  1884. 

Bulkheads.  Illustrated  description  of  a  proposed  system  cf  wa  er-tight  bulkheac's. 
Proposed  to  use  piles  made  of  metal  bent  U-shaped,  fitted  together  and  tilled  with 
concrete.    Eng.  Neivs.  Jan.  8.  1887. 

Cable,  Hoisting.  A  formula  for  calculating  the  .section  of  hoisting,  cables,  adapting  tbem 
to  a  given  load,  and  allowing  for  their  own  weight,  is  given.  Eng.  Neus^M.a.rch  5, 
18R7. 

.     Ma mifactn re  of  Street  Cable  at  San  Francisco,  where  they  are  made  at  the 

power  hou«e  '-f  the  company.    Sc.  Am.  Suppl ,  Oc  30.  188ti. 

Roads.  Efficieiiry  of.  Its  variation,  with  length  of  cab'e  and  other  elements  of  con 

struction.  Limiting  length  at  which  the  efficiency  would  become  zero,  with  form- 
qlae  and  curves.  Read  at  the  February  meeting  of  the  Fnsin-.  ers"  Club  of  St  Louis, 
by  James  A.  Seddon.  Journal  of  the  Association  of  Engineerivg  Societies,  Vol. 
VI.,  No.  4  February- Aprd,  1887;  Eng.  News,  June  18  and  19,  1887.  An  abstract 
from  the  Philadelphia  Pre.ss  Contains  table  giving  a  comparison  of  the  costs,  ex- 
penses and  profits  compared  with  horses.    Eng  Neics,  March  i2,  1887. 

Roads.    A  summary  cf  the  special  features  cf  all  the  cable  roads  in  America, 

with  discussion.    By  Wm.  H.  Searies.     Janr.  As.'io  Eng.  Soc,  Vol.  VI.,  p.  10. 

Roads,  Brooklyn  By  idge.    Gives  diseuseion  of  the  proposed  new'  terminal  facilities 

for  the  Brooklyn  Bridee  cable  cars,  with  plans  of  the  ptesent  and  proposed  arrange- 
ments.   Eng.  News,  June  4,  1887. 

,  The  Rasinussen.    A  description  of  this  .^-ystem,  which  is  atout  to  be  put  down  at 


Sioux  City,  la.,  with  cuts  showing  the  construction  of  the  cable-lube,  sprocket-wheel, 
etc..  in  Eng,  Nen-s,  May  7.  1887. 

Canals,  Closing  Breaks  under  DifficiUtiea.  By  O.  T.  VVhitford.  Gives  details  of  the 
closing  of  a  break  in  tbs  guard  lock  of  Chenango  Canal  at  Binf^hamton.  N.  Y. 
Trans.  Am.  Soc.  C.  E.,Yo].n.,  p.  161. 

.  yorth  Sea.    A  full  description  of  the  North  Sea  Canal  and   irtiprovement  of  the 

navigation  from  Rotterdam  to  the  sea.     Van  Nos.  Eng.  Mag.,  Vol .  VII 1  ,  p.  176. 

,  Application  of  Steam  to.    By  G.  E.  Harding.    Gives  some  of  the  mcst  prominent 

experiments  which  have  been  designed  to  improve  the  construc'ion  of  vessels 
adaptel  to  inland  navigaiion  and  the  application  to  tbem  of  mechanical  means  of 
propulsion.     Van  Nos.  Eng.  Mag.,Yo\.  V.,  p.  84. 

.  Harlem  River  Ship.    Gives  plan  and  brief  description  of  the  proposed  Harlem 

Rivf  r  Ship  Canal.     Eng.  Neu-s,  Aug.  13,  1883. 

,  Panama.    A  paper  by   Dr.  Wolfred  Nelson  before  the  American  Society  for  the 

Advancement  of  Scierce  on  some  of  the  difficulties  to  be  ovei  come  in  making  the 
Panama  Canal.  Sc/.  ^m.  S«p.,  July  2;:{,  1887.  By  F.  G  Cornirg.  A  review  of  the 
French  company,  the  work  accomplished,  and  the  future  ])rospects  of  the  undertak- 
ing. Sci.  Am.  Supple.,  Oct.  H,  1887.  Abstracts  from  the  report  of  Lieutenant  Kimball, 
United  States  Navy.  Gives  account  of  the  plan  for  the  construction  cf  the  Chagres 
barrage.  Eng.  Neirs,  July  30,  1887.  The  company's  side  of  the  scheme  is  given  in 
Eng.  iVew.<?,Aug.  13,  1887.  By  R.  N.  Boyd.  A  paper  bffore  the  Ci^i!  and  iMechanical 
Engineers'  Society.  An  important  paper  on  the  present  condition  if  the  enterprise 
and  probable  time  of  completion,  being  concusion  taken  from  notes  on  the  ground. 
Engineer,  April  l.'>  anl  22.  1887:  Sri.  ,4/».  Suppl..  .lune  4.  ISSr. 
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Canal,  Shq),  Manchester.  Gives  history  of  the  Bridgewater  navigration.  with  details  of 
cuttings  and  disposal  of  earth,  and  details  of  the  estimates  for  different  items  of 
the  work  on  the  sh'p  canaK  with  cuts  showing  different  types  of  sections,  geolofry, 
etc.    Engineering,  Sept.  2,  ct  seq.,  1887. 

,  Cape  Cod.    Description  of  the  above  canal,  with  map  showing  location.     San. 

Engr.,  Nov.  5.  1887. 

,  Telmaniepcc  Eailvaay  and  Ship.  Report  of  a  commission  appointed  on  the  arti- 
ficial waterways  of  Europe,  with  a  view  of  applying  the  knowledge  to  the  railway 
and  ship  canal  across  the  Isthmus  of  Tehuantepec.  Van  Xos.  Eng.  Hag.,  Vol.  VI., 
p.  129. 

,  Steam  on.    Propulsion  by  a  fixed  wire  rope   and  clip-drum.    Experiments  in 

Belgium.     Vxn  Nos.  Eng.  Mag..  Vol.  I.,  p.  714  . 

.  The  Eric.    The  ergineering  problems  involved  in  the  proposed  improvement  of 

the  Erie  Canal  by  mei  easing  the  depth  of  the  channel  one  foot.  By  E.  Sweet,  Jr. 
Trans.  Am.  Soc.  Civ.  Engrs  ,  Vol.  IX.,  pp.  99-110.    Discussion  on  p.  287. 

.    Interoceanic  Projects.    By  A.  G.  Menocal.    The  problem  as  presented  io   1879. 


Includes  a  great  deal  oE  valuable  data.  Trans.  Am  Soc.  Civ.  Engrs.,  YoLYIll. 
(1879),  p.  31." -332.    Discussion  in  Vol.  IX  ,  pp.  1-98,  117-131 ;  also  pp.  429-446. 

,  Slope  of  Water  Surface  on  the  Erie.  By  W.  H.  Searies.  Results  of  a  careful  de- 
termination, with  description  of  levels.  Trans.  Am.  Soc.  Civ.  Engrs..  Vol.  VI.  1^1877). 
pp.  289-293. 

Locks,  Ship,  to  be  operated  by  Steam.    Describes  those  in  use  on   the  Delaware 

and  Raritan  Canal.  Designed  by  Ashbel  Welch.  Illustrated.  Trans.  Am.  Sec.  Civ. 
Engrs..  Yo\.  IX.  (1880),  pp.  293-318. 

.    A  paper  byT.T.  Johnston,  discussing    the  great  water  way  to  connect   Lake 

Michigan  with  the  Mississippi  River,  and  its  influence  on  floods  in  the  Illinois  River. 
Jour.  Assoc.  Eng.  Soc,  Vol.  VI.,  p.  183. 

,  Birmingham  and  Bristol.    Gives  details  of  the  proposed  canal  between   Bir- 

raiagham.  Gloucester  and  Bristol.  Estimated  cost  is  about  $10,000,000.  Enaineer, 
June  24,  1887. 

of  Canada.    A  historic  sketch  of  the  Lachine,  Beauharnois,  Williamsburg,  Wel- 

land,  St.  Peter's  and  other  canals.     Van  Nos.  Eng.  Mag.,  Vol.  V.,  p.  154. 

,  St.  Mary's  Falls.  Abstract  from  the  report  of  Colonel  Poe  to  the  War  Depart- 
ment. Gives  compari«-on  of  tonnage  of  the  St.  Mary's  Canal  lock  with  the  Suez 
Canal.  The  tonnage  is  now  about  4,000,000  tons  per  5 ear.  J?,  i?.  Go 5:.,  March  4, 
1887. 

in  Sweden.    By  E.  Rol_tf.    With  illustrations.    Zeitschr.  fi'ir  Bauicesen,  18S6,  pp. 


58-70. 

Car,  The  Best  Size  of  Freight  A  good  editorial  on  the  subject.  The  conclusion 
reached  is  that  "  a  short  car  cheaply  handled  at  termini  will,  on  a  short  haul,  convey 
freight  more  cheaply  than  a  large  car.  On  a  long  haul  the  terminal  charges  have 
little  influence  on  the  total  cost,  and  the  car  that  carries  the  greatest  loaa  appears 
the  cheapest."    R.  R.  Gaz.,  April  8,  1887. 

Building.    F6r  standard  dimensions,  forms  of  construction,   etc.,  adopted  by  the 

Master  Car-Builders' Association,  with  discussions  on  the  same.  See  Proc.  Mast. 
Car-Builders'  20th  annual  convention. 

Car  Heating*.  Pennycuick  System.  An  illustrated  description  of  the  system  of  heat- 
ing and  ventilation  invented  by  J.  G.  Pennycuick.  It  is  a  hot  water  system,  the 
water  being  heated  by  steam  injected  into  it  from  the  engine.  R.  R.  Gaz.,  Oct.  28, 
1887. 

,  Discussions  on  Different  Systems,  by  members  of  the  New  York  Railroad  Club. 

R.  R.  Gaz.,  Oct.  28,  1887. 

.  Description  of  the  s.ystem  of  continuous  steam  heating  being  used  on  the  Bos- 
ton, Revere  Beach  &  Lynn  R.  R.    R.  R.  Gaz.,  Nov.  4,  1887. 

Car  Heating.  Emerson  System.  An  illustrated  description  of  a  system  of  steam  heat 
ing that  has  been  in  us9  for  five  years  on  the  Connecticut  River  road.  Illustrated. 
Am.  Eng.,  March  30.  1887. 

.     See  Heating. 
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^SLT  Heaihig.  Scwall  System  of .    Description  of  the  systems  of  steam  heatinj?  in  practi- 
cal operation  on  the  Maine  Central  Railroad.    R.  R.  Gaz  ,  April  23,  1887. 
.    GoZd  Si/sfern,  as  applied  on  Long  Island  Railroad.    Railroad   Gazette,  Oct.  21, 

1887. 

.    Hot- Air  System.    Gives  diagrams  and  description  of  the  Pearce  system  of  heat- 

icg  cars  by  hot  air  furnished  from  the  engine.    Ant.  Eagr.,  Sept.  21,  1887. 

.    Massachusetts   Commissioners'    circular   on  cur  heating.      Railroad  Gazette, 


Sept.  9,  1887. 

.    Illustrated  description  of  the  Weslinghouse  car  healing.    Eay.  News,  Jan.  26, 

1887. 

Cat  Ijiglitins  by  Electricity.  By  T.  P.  Carswell.  Describes  a  proposed  system  of 
electric  lighting  for  trains.    Engineering,  Sept,  23,  1887. 

.    Fintsch  system  in  France,    Gives  details  of  the  cost  of  lighting  cars  by  the 

Piatcsh  system  iu  France.    R,  R.  Gaz.,  Nov.  11,  1887. 

Car  Wheels.  Tire  Testing,  Woehler's  expei'iments  on.  An  editorial  abstract.  Rail 
road  Gazette,  Sept.  2,  1887. 

Casting"  Iron.  JSew  method  of  ornamenting  castings.  Consists  in  lining  the  mold 
with  carbonizBd  fabric,  such  as  lace.  Abstract  of  remarks  ma  Je  by  Mr.  A.  E.  Outer- 
bridge,  Jr,,  before  the  Franklin  Institute,  T/iti  Railroad  and  Engineering  Journal, 
July,  1887. 

Cattle  Guard.  Gives  plan,  sections  and  bill  of  material  for  the  standard  cattle  guard 
of  the  Kaosas  City  &  Omaha  Railroad.     Eng.  News,  July  30,  1887. 

Cement,  American  Matt  rial,  with  especia,\  reterence  to  Rosendale  cement.  By  F.  O. 
Norton,  manufacturer.  Illustrated.  Tr.  Am.  Soc.  Civ.  Engrs.,Vo\.  IX.  (1880;.  p. 
278-286. 

,  Hydraulic  Slag.     By  R.  J.  Friswell.     Discusses  the  composition  of  slag  cements. 

San.  Engr.,  Nov.  12,  1887. 

,  The  Rate  of  Hardening  of.    By  Prof.   W.  C.  Unwiu.    The  increase  in  tensile 


strength  found  to  follow  the  law  of  a  cubical  parabjla.  and  of  compressive  strength 
the  law  of  a  common  parabola.  Tests,  eq'iations  and  curves  given  fir  Portland 
cement.    Proc.  Inst.  Civ  Engr.,\o\.  LXXXIV.,  p.  3S9. 

,  Testing  Portland.     By  T.  Guillaiu.     Gives  details  of   the   specification  for  the 

supply  and  testing  of  Portland  cementused  for  harbor  work  at  Calais  and  Boulogne. 
Nouvelles  de  la  Construction,  Vol.  III.,  p.  88;  San.  Engr..  July  9,  1887;  Eng.  News, 
Sept.  3,  1887. 

,  Manufacture  and   Use  of  Portland.    By  Dr.  W.  Micbaelis.    Gives  analysis  of 

Portland  and  Roman  cements,  and  treats  of  selecting  and  mixing  the  materials, 
calcination,  etc.     VanNos.  Eng.  Mag.,  Vol.  I.,  p.  746. 

• ,  On  Ran  some's  Improvements  in  tfie  Manufacture  of  Portland.    By  R.  J.  Fris- 

well.  Gives  the  history  of  +he  process  of  making  cement  in  England,  and  then 
describes  the  application  of  a  regenerative  furnace  to  the  manufacture  of  cements. 
Engineer,  March  4,  1887. 

.  A  paper  read  before  the  British  Association  by  Gen  H.  Y.  D.  Scott  on  the  con- 
version of  lime  into  cement  by  ihe  Selenitic  methotl,  and  the  economy  and  other  ad- 
vantages of  the  process.     Van  Nos.  Eng.  Maj.,  Vol.  VII.,  p.  5*2. 

.    Gives  formulae  for  a  number  of  useful  cements.     Van  Nos.  Eng.  Mag. .Vol.  IX., 

p.  205. 
.    Tests  at  Long  Dates.     Gives  data  derived  from    breaking  20  ">  briquettes  at 

dates  varying  from  7  to  2,019  days  of  gauging.    San.  Engr.,  July  2,  1887. 
.     German  Specifications  for  Standard  Portland  Cement  Tests.    Translated  for 

the  Testin;?  Laboratory  of  Cornell  University.   Many  of  the  requirements  will  appear 

novel  to  American  readers.    Engr.  News,  Nov.  13.  188G. 

,  Improvement  in  the  Manufacture  of  Portland.    By  Fred  Rmsome  before  the 

Manchester  meeting  of  the  Association  for  the  Advancement  of  Science.  Gives  a 
description  of  a  revolving  furnace  in  which  the  fine  cemint  material  is  calc.ned  by 
passing  through  gas  flames.    Am.  Eng.,  Sept.  21,  1887. 

and  Mortar.    Crushing  Strength.    See  Tests  of  Engineering  Materials. 
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Cement,  Experiments  on.  By  Edmund  Vardlt^y.  Gives  the  methods  employed  and  re- 
sults obtained  in  testing?  cements  for  the  Pennsjlvania  Railroid  Trans.  Am.  Soc. 
C.  ii,  Vol.  II.,  p.  l.-)3. 

Mortar,  The  Effects  of  Freezing  on.  By  Alfred  Noble.  Gives  results  of  experi- 
ence on  construction  of  masonry  during  freezing:  weather;  also  gives  results  of  ex- 
periments of  mixing  salt  with  Portland  cement  mortars.  Di<?cussed  by  a  number  of 
prominent  engineers.  Trans.  Am  -S'oc.  C.  E.,  Vol.  XVI.,  p.  79;  also  abstracted  Engr^ 
News,  July  2, 1887;  Building,  July  30,  1887. 

Tests.    Notes  and  Experiments  on  the  Use  and.  Testing  of  Portland  Cement.    By 

Wm.  W.  Maclay.  An  exhaustive  paper  of  great  merit,  giving  principles  for  both 
testing  and  using.  Illustrated.  Received  the  Norman  medal.  Trans.  Am.  Sue.  C. 
E.,  Vol.  VI.  (18^7),  pp.  ."ill-SfM.  Discussion,  Vo'.  VII.,  p.  274,  where  cement  tests 
for  East  River  Bridge  are  given ;  also,  p.  280. 

Testing  Appliances,  Experiments  with.    By  Alfred  Noble.     On  Sault  Ste.  Marie 


Canal  Locks,  with  discussion.    Illustrated.    Trans   Am.  Sor.  C.  JE" .  Vol.  IX.  (1880)^ 
pp.  186-201. 

,  Tensile  Tests  of.     An  appliance   for  more  accurate   determinations.    By  D.  J. 

Whittemore.    With  uiscussionn.    Illui?tratedc     Tr.  ^im.  Soc.  Civ.   Engrs.,  Vol.  IX. 
(1880),  pp.  329-317. 

Ceramite  Pavements.  By  M.  A.  Gouvy.  Method  of  use,  and  comparison  with  other 
pavements.    Mem.  de  la  Soc.  Ing.  Civils,  Oct,  1885,  pp.  454-464. 

Chain  Cables.    See  Tests  of  Iron,  Steel  and  Alloys. 

Chains,  Manufacture  of  Steel,  uithovi  li'eldint:.  Gives  a  description  of  a  system  of 
chain  manufacture  recently  introduced  in  France;  strength  of  new  chains.  Set, 
Atn.  Supple.,  April  16,  1887:  Am.  Eng.,  April  6,  1887. 

,  Use  and  Care  of.    By  Henry  Adams.    A  paper  before  the  Society  of  Civil  and 

Mechanical  Engineers,  on  the  use  and  care  of  chains  for  hoisting  and  hauling.    Con- 
tains much  useful  information.    Engi)>eers,  July  8,  1887. 

Q'h.eB\iVO^xg\l,  Ellis  Sylvester.  A  memorial  by  a  committee  of  the  Wt-ttern  Society  of 
Civil  Engineers.    Jour.  Assoc.  Engr.  Sck.,  Vol.  VI.,  p.  130. 

,    A^nemoir.    By  Benezette  Williams.    A  very  readable  and  satisfactory  account 

of  one  of  the  greatest  of  American  engiceers.    Jour.  As^oc.  Eng.  Soc,  Vol  VI.,  p.  1. 
Cheap  Transportation.    By  W.  B.  Hyde.    Proposes  a  new  method  to  be  applied  tO' 

side  lines  or  feeders.     Van  Nos.  Eng.  Mog.^  Vol.  VIII.,  p.  229. 
Chimneys,  r?«o  xl/oc?er?i.     By  C.  P.  Karr.     A  study  of  the  designs  and  eonstiuction  of 

the  chimcey  at  the  Clark  Thread  Company's  Works  at  Newark,  N.  J  ,  and  the  stack 

of  the  Marshall  &  Company  Thread  Works,  at  Newark,  N.  J.    Sci.  Am.  Supplement^ 

Jan.  29,  1887. 
,  for  Furnaces,  Fire-Flaces  and  Steam  Boilers.    By  R.  Armstrong.    Van  Ao.s.  Eng. 

Mag.,  Yol.  IX.,  p.  IW. 
.    D-^scription  of  the  chimney  of  the   West  Cumberland   Hematite  Iron  Works 

abstracted  from  a  paper  bv  Prof.  Ranki Re,  before  the  Inst,   of  C.   E.   iu  Scotland. 

Van  Nos.  Eng.  Mac^.,  Vol.  I.,  p.  116. 

,  Proper  Dimensions  of.    By  Wm.  Kent,     Engr.  News,  Oct.  2,  1886. 


Clay  for  Puddling",  Neiv  Method  of  Using  it.  It  is  dried,  pulverized  and  compacted 
in  the  interior  of  the  embankment.  On  sweJiing  with  moisture  it  becomes  imper- 
vious to  water.    Am.  Engr.,  Oct.  13,  1S86. 

Coal,  Transfers  and  Methods  of  Transportation  in  Europe.  Fully  illustrated,  with 
details  of  the  various  mechanical  appliances  in  use.  Zeitschrift  fiir  Bauuesen, 
1887.    Parts  I.  and  II,  to  be  concluded  io  the  next  number. 

Washing.    By  Arthur  Beckwith.    Shows  the  different  forms  of  machine  and 

makes  comparison  of  them.     Van  Nos.  Eng.  Mag.,  Vo).  II.,  p.  337. 

Coaling- Locomotives.  New  coaling  station  of  the  Pennsylvania  Railroad  near  Jer- 
sey City.    Description  and  detailed  drawings.    Radroad  Gazette,  Sept.  2. 1887. 

.  Report  of  Com.  of  Mast.  Mech.  Ass'c'n  en  "  Coaling  of  Locom-tives:  The  Vari- 
ous Plans  in  Use  and  their  Relative  Efficiency."  By  I.  D.  Barnett.  Fully  illustrated, 
Engr.  News,  Sept.  24,  1887. 
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CoSLSt  Defences  Abstract  of  Lecture  by  (ren  H.  L.  .166o^/,  before  the  Academy  of 
Sciences  ja  N-w  York,  March  21.  Keprioted  from  the  New  York  Heraldhj  The 
Railroad  and  Engineering  Journal,  April,  1887. 

Coke,  Its  Manufacture,  being:  part  of  Vol.  X.  of  U  S.  Census,  1880,  4to,  110  pp.  Gives 
practice  in  U.  S.  and  Kurope  with  statistics.  M.  Rep.  Misc.  Doc,  42,  pt.  10,  47th 
Congr.,  2d  Sess.,  1884. 

,  Manufacture  of.  from  lUivoiH  Coal.  By  Henrv  Leubber.<».  Describes  the  pro- 
cess as  carried  out  in  Western  Illinois.  The  coke  is  made  from  the  slack  crushed 
and  washed  to  free  it  from  impurities.  It  weighs  about  88  lbs.  per  bushel,  and  the 
yield  is  a»^but  GO  per  cent,  of  the  weight  of  washed  coal.  Trans.  Am.  Soc.  of  C.  E., 
Vol.  II.,  163. 

Columns,  Tables  of  the  Strength  of  Cast  Iron.  By  Edwin  Thacher.  Gives  tables  to 
facilitate  the  use  of  Hod^Kioson's  formulae.  They  give  tbe  breaking  weight  in 
pounds  per  square  inch  of  section  of  cylindrical  or  octagonal  columns  from  4  to  (JO 
diameters,  and  for  all  thicknesses  of  metal  from  solid  to  one-sixteenth  the  external 
diameter.     Trans.  Am.  Soc.  C.  E..  Vol    II.,  p.  294. 

.     The  Practical  Strength  of  Long  Columns     By  Thos.  C.  Fidler.    Recommends 

a  modified  form  of  Euler's  formula,  using  the  elastic  limit  instead  of  the  ultimate 
strength  of  the  material.  Illustrated.  Proc.  Inst.  Cii\  Eiigrs.,  \o].  LXXXVI.,  p. 
261. 

,  Formnha.    A  highly  mathematical  paper  by  L.  M.  Haskins.  taking   exceptions 

to  the  common  theory  of  flexure.    Van  Nos.  Eng.  Mag.,  November.  1886. 

.  Resistance  of  the  acUon  of  fire  and  sudden  cooling  by  water     Many  materials 

experimented  on  by  Prot.  Bau<?chinger,  and  cast  iron  ^found  to  be  the  best.  Van 
Nos.  Eng.  Mag.,  Vol.  XXXV.,  p.  430,  December,  1886, 

,  Wroiight-Iroii,  The  Strength  of.     By  G.  Bouscaren .    The  results  of  the   tests 

made  for  ihe  Cincinnati  Southern  Railway  brought  together  and  discussed.  This, 
perhaps  the  most  valuable  series  of  tests  of  large  columns  ever  made.  Plates  given 
showing  tests  in  detail.     Trans.  Am  Soc.  Civ.  Eng.,  Vol.  IX.  (1880),  p.  447-454 

,  Wrought  Iron.    See  Tests  of  Engineering  3Iaterials. 


Compressed  Air.    Gives  results  of  the  experirnents  made  by  order  of  the  Italian 
Government  at  tbe  Moimt  Cenis  tunnel,    i  Van  Nos.  Engr.  Mag.,  Vol.  VI.,  p.  63. 

,  Living  Force  of.    By  M.  Perrigault.     Van  Nos.  Engr.  Mag.,  Yo\.  VI.,  p.  274.'' 

Combustion.    Gives  a  popular  statement  of  the  laws  of  combustion,  with  practical 
figures  used  by  engineers.    Sci.  Am.  Supple.,  Oct.  22,  1887. 

,    ivith    especial    reference    to     Practical    Requirements.    A    paper    by    Fredk. 

Siemens  before  the  Iron  and  Steel  Inst.  An  able  discussion  of  the  essential  condi- 
tions of  perfect  combustion  for  heating  purposes.  Van  Nos.  Eng.  Mag.,Vo\. 
XXXV,,  p.  437,  December,  1886. 

Commerce.     Inter-State  Commerce  Bill.    Full  text  given  in  a  supplement  to  J^ec/iax- 
ics,  for  March,  1887. 

Concrete.    Treats  of  tbe  best  materials  for  it,  the  proper  proportion  of  lime  or  cement- 
its  strength  and  loss  of  bulk.     Van  Nos.  Eng.  Mag.,  Vol.  V.,  p.  275. 

.   Cost  of.    By  O.   E.   Micbaelis.    Gives  cost  of  concrete  used  in  constructing  the 

foundations  for  the  new  plant  of  the  Troy  Steel  and  Iron  Company  on  Breaker  Is- 
land; 9,605  cubic  yards  of  concrete,  costing  $3.52  43-100  per  cubic  yard,  were 
used.  Al:so  contains  a  large  number  of  cement  tests.  Trans.  Am.  Soc.  C.  E..  Dec. 
1887. 


— .  Building.  By  J.  H.  Owens,  before  the  Arch.  Asso.  of  Ireland.  Gives  detailed 
instructions  for  constructing  building  ot  concrete.  Van  Nos.  Eng.  Mag..  Vol.  VIII., 
p.  113 

—  Work  for  Harbors.  102  pages  of  discussion  and  correspondence  on  the 
above  subject  by  a  large  number  of  engineers.  Proc.  Inst,  of  C.  E.,  Vol.  LXXXVII,., 
p.  134. 

—  Under  Water.  By  W.  R.  Kinipple.  Gives  the  results  of  thirty  years  experience 
in  the  use  of  concrete.  Describes  the  method  employed  at  various  works.  Proc, 
Inst,  of  C.  E..  Vol.  LXXXVII.,  p.  65. 


460  ASSOCIATION  OF  ENGINEERING  SOCIETIES. 

Concrete  Blocks  of  Lavfje  Size  made  by  inanual  labor  for  Department  of  Docks,  New- 
York.  Details  of  process.  Size  from  13  to  60  tons  weight.  Tests  given  of  crushing 
strength.  Illustrated.  Trans.  Am.  Soc.  Civ.  Eiigrs.,  Vol.  IV.  (1875),  pp.  93-103. 
Discussion,  pp.  312-317. 

,    Portland,   Crushing   Streagth  of  in  large  blocks.    Some  exparimeots    in,   in 

Trans.  Am.  Soc.  Civ.  Engrs,,  Vol.  IV.  (1875),  p.  98. 

Portland    Cement,    Porosity    of,    as  determined   by   experiments    oa    absorp- 
tion of  different  mixtures.     Trans.  Liverpool  Eag.  Soc,  Vol.  VI.,  p    36. 
Piers,  Failure  of  in  Scotland  from  too  small  a  proportion  of  cement.  Eagr.  Neivs, 


Dec.  11,1886. 
Condensa,tion,  Cylinder.    ByChas.  E    Emery.    A  paper  before  the  Am.  Soc.  of  M. 
E.  on  cylinder  condensation,  and  the  reduction  of  the  same  by  the  use  of  the  com- 
pound engine.    Am.  Eagr.,  June  8  and  15,  1887. 

Condensers,  Air-Surface.  Explains  their  principles  and  their  proportions.  Van  Nos. 
Eng.  Mag.,  Vol.  1.,  p.  527. 

.  By  W.  B.  Coggswell.  Gives  details  of  the  use  of  a  surface  condenser  in  connec- 
tion with  a  set  of  blast  furnace  boilers  at  the  Franklin  Iron  Works,  Oneida,  N.  Y. 
Illustrated.     Trans.  Am.  Soc.  C.  E„  Vol.  II.,  p.  41. 

Conduit .    See  Water. 

. ,  Farm  Pond.  A  description  of  the  Farm  Pond  conduit  for  the  Boston  water  sup- 
ply and  the  raising  of  a  4S-iuch  main  will  be  found  in  the  City  Engineer's  Report, 
Boston,  Mass. 

Copying-  Drawings  by  Chemical  Processes.  ByRobt.  Marshall.  Gives  the  ferr^. 
prussiate  and  cyaui-ferric  processes  of  making  negative  and  positive  blue  prints, 
with  formulas  and  mode  of  application.    Sci.  Am.  Supple.,  Feb.  19,  1887, 

Corrugated  Iron,  T/i-e  Strength  of.  By  J.  E.  Hart.  Contams  experiments  on  the 
transverse  strength  of  corrugated  iron.  Bombay  Builder,  August,  1838.  Engi- 
neer, Nov.  13,  1868.     Van  Nos.  Eng.  Mag.,  Vol.  I.,  p.  129. 

Conical  Tires  on  Raihcay  Boiling  Stock  a  cause  of  resistance  to  traction  (8  to  20  per 
cent.)  and  a  supprsed  cause  of  the  creeping  of  rails.  Abstracted  from  the  German. 
Highly  Mathematical.    Froc.  Inst.  Civ.  Engrs.,  Vol.  LXXXVI.,  p.  410. 

Contracts.  Instruction  to  Bidders  and  General  Conditions  used  on  municipal  works 
in  Washington  City,  D.  C.    Engr.  News,  Oct.  23,  1886. 

Construction,  Papers  on.  By  Lieut.  C.  E  Dutton.  Treats  of  the  strei^gth  of  material, 
shape  and  dimensions  of  pieces  and  the  manner  of  their  support.  Van  Nos.  Eng. 
Mag  ,\o\.  I.,  p.  305. 

Converters,  Electrical.  See  Transformers.  See  Westinghouse  System  of  Electric 
Lighting. 

Continuous  Girders.  Application  of  the  Theory  of,  to  Economy  in  Bridge  Building. 
By  Chas.  Bender.  Reviews  at  length  the  many  objections  to  the  use  of  continuous 
girders,  derives  working  formula,  and  compares  weights  with  those  of  equal  discon- 
tinuous spans.  Illustrated.  Trans.  Am.  Soc.  Civ.  Engrs.,  Vol.  V.  (1876),  pp.  147-198. 

Contractors'  and  Builders'  Eng-inearing  and  Plant.  A  series  of  valuable 
articles.     Illustrated.    Begun  in  San.  Engr.,  Nov.  27,  1886, 

Coupler,  The  Dowling  Car.  Gives  detailed  drawing  of  the  above  coupling  and  a  record 
ot  tests  made  at  Columbus,  O.    E.  R.  Gaz.,  Aug.  19, 1887. 

Crank  Shafts  of  Engines,  Graphical  Method  of  Finding  the  Moment  in.  By  I.  N. 
HoUis,  Asst.  Engr.  U.  S.  M.    Illustrated,    Am.  Engr.,  Dec,  8,  1886. 

CxdiXie,  Atlas, 'iQQ-Ton  Floating.  Illustrated  description  of  the  crane  constructed  for 
the  Mersey  Dock  and  Harbor  Board,    Engr.  News,  Jan.  15,  1887. 

As  Labor-Saving  Machines.    By  C,  J.  Appleby,  with  discussion.    Illustrated  by 

many  cuts.    Trans.  Am.  Soc.  Civ.  Engrs.,  Vol.  XV.,  p.  369. 

Culverts,  Standard  Pipe.  Gives  sectional  drawings  of  pipe  culverts  from  twelve  inches 
to  two  feet  in  diameter,  in  use  on  the  Kansas  City  &  Omaha  R.  R.  Eng.  News,  Oct. 
22,  1887. 

-.  Description  of  iron  culverts,  with  full  drawings,  used  in  Iowa  on  the  Chi- 
cago. Burlington  &  Quincy  Railway.    R.  R.  Gazette,  Feb,  25,  1887. 
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Curves,  Easement,  for  Railroads.  By  A.  P.  Man,  Ji-.  Adjusts  by  offsets  for  ICO  feet 
each  side  of  the  P.  C.  Tables  and  cuts  given,  with  discussion.  Trans.  Am.  Soc.  Civ. 
Engrs.,  Vol.  XV.,  p.  .359. 

On  the  Manhattan  Elevated.    Drawing  of  some  of  the  curves  oq  the  Manhattan 

Elevated  Railroad,  showing  the  introduction  of  short  reversed  curves  to  enable  the 
turning  of  right  angles  within  the  street  limits.    Eng.  News,  April  2, 1887. 
-,  Resistance.    A  Theoretical  Investigation.  By  S.Whinery,  giving  results  agreeing 


remarkably  well  with  experiment.     With  discussion.    Tra us.  Am.  Soc.  Civ  Engrs. 
Vol.  VII.  (18T8),  pp.  79-108.  Also,  Vol.  VIII..  p.  179. 

Curvature,  Economy  of  Railroad.  By  Wilson  Crosby.  Discusses  a  number  of 
formuiai  for  determining  the  economy  of  different  curves  between  two  given  tan- 
gents, deduces  a  new  formula  and  gives  a  table  to  facilitate  its  use.  Trans:  Am. 
Soc.  of  C.  E.,  Vol.  II.,  p.  323. 

Currents,  Alternating.  An  article  by  Prof  Elihu  Thomson  on  the  phenomena  of  alter- 
nating currents.    Sci.  Am.  Supple..,  July  9,  1887. 

Cutting-  Speeds  in  Turning.  Boring,  Milling,  etc.  Table  given  by  Mr.  George  Old 
field,  of  Johnstone,  near  Glasgow,  of  safe  speeds  for  various  kinds  of  work.  The 
Mechanical  World,  April  2,  1887. 

Cut  Offs  on  the  Mississippi  River.  By  C.  G.  Forshey.  Gives  particulars  of  Shreve's 
or  Red  River,  Racouri,  Terrapin  Neck,  and  Palmyra  cut-offs.  Trans.  Am.  Soc.r 
C.  E.,  Vol.  v..  p.  317.    See  Mississippi  River. 

Cylinder  Condensation.  A  paper  by  Major  English,  detailing  experiments  made  16 
directly  measure  the  coudcnsation  taking  place  in  a  steam  cyliuder.  Engineering, 
July  8,  1887.    R.  R.  Gaz.,  Oct.  28,  1887. 

Dam  for  Reservoir,  of  earth,  80  feet  high.  Very  interesting.  Annales  des  P.  and  C. , 
September,  1887. 

.    Failure  of  at  Worcester,  Mass      Investigated  and  reported  on  by  a  com.  of 

the  Am.  Soc.  C.  E.  Caused  by  previous  stratum  underneath,  which  was  not  re- 
moved.    Trans.  Am.  Soc.  Civ.  Engrs  ,  Vol.  V.  (1876),  pp.  244-250. 

,  Sweetwater.    Description  of  the  dam  now  in  course  of  construction  by  the  San 

Diego  Land  and  Town  Company.  Gives  profile  of  dam  and  cost  of  masonry  work  in 
detail.    San.  Engr.,  June  4,  1887. 

,  Back-Wafer  Produced  by.    See  Back- Water. 

.    The  Gileppe  Dam.  near  Verviers,  Belgium.    By  G .  Grugnola.    Section,  plan  and 

general  discussion.    Translated  for  Engr.  Netos,  Dec.  25, 1886. 

at  Holyoke,    Mass.,    Preservation   of.      A   paper   by   Clemens   Herschel,    the 

engineer,  giving  the  history  of  the  dam  across  the  Connecticut  River,  which  is  made 
of  timber,  30  feet  high,  its  sources  of  weakness,  and  the  methods  used  for  preserving 
it".  Also  a  study  for  a  stone  dam  to  replace  the  timber  one  at  a  future  day.  Many 
illustrations  and  photographic  plates .  Trans.  Am.  Soc.  Civ.  Engrs.,'Vo\.XV.,  p. 
.^43. 

.  Reservoir,  of  masonry,  good.    Annales  des  P.  and  C,  May,  1887. 

Dead  Point,  Simultaneous.    Prof.  C.  W.  MacOord.    Gives  an  elaborate  mathematical 

investigation  of  the  subject.    Sci.  Am.  Sup.,  Oct.  8, 1887. 

Deflection  of  Bridge  Trusses.  By  Harry  Sheridan.  Some  valuable  simple  formulae 
for  finding  the  deflection  under  loads.  Van  Nos.  Eng.  Mag.,  Vol.  XXXV.,  p.  447, 
Dec,  1886. 

Dimensioning',  the  New  Method  of.  By  Alfred  S.  Ottewell.  Discusses  the  use  of  the 
formulas  of  Lounhardt  and  Weyrauch  and  their  modifications.  Gives  diagram 
showing  the  effect  of  the  various  formulas  to  reduce  the  working  strain  per  square 
inch  as  the  range  of  stress  became  greater.  Derives  formula  and  considers  applica- 
tion to  compression  members.    Eng.  News,  May  14  and  31,  1887. 

.    By  Prof.  Wm.  Cain.    Gives  criticism  on  the  paper  of  Mr.  Alfred  D.  Ottewell. 

Eng.  Netvs,  July  16  and  23, 1887. 

.    Discussion  of  Prof.  Cain's  formula,  by  Mr.  OtteweM ;   also  a  communication  by 

Professor  Cain.    Eng.  News,  Aug.  20, 1887.  and  Sept.  3,  1887. 
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Discharge  o/  Gar.  and  Sfe(nn  from  Orifices.  By  GustavBeuner.  An  investigation  to 
sbow  ttia,t  ni^w  results  and  extensions  can  readily  be  introduced  into  common  the- 
ory.    Vau,  A"x   Eng.  Mag.,  Vol.  VII.,  pp.  10  and  200. 

Ditch  Appox'tionment  Report  of  a  Committee  of  the  Ohio  Association  of  Engineers 
and  Surveyors,  very  fully  covering  the  ground.  Report  of  the  Society  for  ISSd. 
Benj,  Thompson,  Sec'j%  Urbana,  O. 

Dock,  New  Floating.  A  t)rief  illustrated  description  of  a  new  English  dry  dock  and  its 
arrangements  for  taking  on  ;iis ted  vessels.  Engineering,  Sept.  9,  1887.  Sci.  Am. 
Sup.,  Oct.  15  1887. 

,  Esquirualt.    Illustrated  description  of  the  EsquimalG,  British  Columbia,  dock. 

Extreme  length,  475  feet;  entrance  width,  65  feet;  top  width,  90  feet;  bottom,  40 
feet;  depth,  36  feet.    Engineering.  Feb.  18,  1887. 

,  Iron  Ore,  of  Wisconsin  Central,  at  Ashland,  Wis.    Illustrated.     Railroad  Gazette, 

Oct.  7,  1887. 

A  brief  description  of  the  aocks  and  railroad  now  in  course  of   construction   at 


Barry  Island,  near  Cardiff.  The  work  will  consist  of  a  40-acre  dock  and  7-acre 
basin,  also  about  18  miles  of  railroad.    Engineer,  March  4, 1887. 

Drains,  Ventilation  and  Trapping  of.  Abstracted  from  a  paper  before  the  Society  c£ 
Arts,  by  James  Lovegrove.     Van  Nos.  Eng.  Mag.,  Vol.  I.,  page  731. 

Drainage  of  the  Spicket  Valley,  Lawrence,  Mass.  By  Arthur  D.  Marble.  Consists  cf 
straightenin?  the  channel  and  providing  sewers.  Fully  illustrated.  Jour.  Assoc. 
Engr.  So-:.,  Vol.  V.,  p.  401. 
of  Swamp  Lends.  Two  papers  of  considerable  practical  value  to  country  sur- 
veyors and  civil  engineers.  Trans.  Indiana.  Assoc.  Surveyors,  L.  S.  Alter,  Sec'y, 
Remington,  Ind 

of  Sivamp  Lands  in  Illinois.     ByJ.O.  Baker.      Some  facts  as  to  extent,  laws 

and  methods.  Jovr.  A.ssor.  Engr.  Soc,  Vol.  V.,  p.  4-i6.  Also  Engr .  Nev-s,  Oct . 
30, 1886 

and  Water  Supply  of  Chicago.    See  Water  Supply. 

- for  Cities.     The  Separate  vs.  Combined  System.     By  S.  A.  Bullard.     Presents 

the  favorable  points  of  both  systems,  and  makes  an  examination  of  the  faults  of 
both  systems.   Report',second  annual  meeting  III.  Soc. of  Eng.  and  Surveyors,  p. 37. 

.     Full  specifications  for  the  Rangoon,  India,  drainage  project.    Indian  Eng.,  Feb. 

5,  12  and  17, 1886. 

of  the  House  of  Parliament.  Gives  sketch  of  old  system  and  its  d-^fects,  and  de- 
scribes the  system  now  being  put  in.  Engineer,  Feb.  4,  1887  :  also  Engineering^ 
Feb.  4,  1887. 

_ of  the  Fens  and  Loio  Lands  hy  Steam  Power.    By  W,  H.   Marshall.     A  series  of 

papers  giving  a  general  description  of  the  pumps  and  engines  used  in  draining  low 
land.     Engineer,  Feb.  4,  11, 18,  1887. 

— . — ^  Some  Hints  on  Field  Works  in.  By  A.  H.  Bell. '  Report  Sec.  Meeting  III.  Soc. 
Engrs.  and  Surveyors,  p.  53. 

Improvements,  'Just  Apportionment  of  the  Cost  of.    By  S.  J.  Stanford.  Discusses 

the  best  methods  of  estimating  the  proportion  of  taxes  each  tract  should  pay.  Sec 
An.  Report  III   Soc.  Engrs.  and  Surveyors,  p.  58. 

,  Chicago.  Gives  extracts  from  a  special  report  of  the  Chicago  Drainage  and  Water 

Supply  Commission  on  the  diversion  of  the  flood  water  of  the  Desplaines  River  and 
the  north  branch  of  the  Chicago  River.  San.  Engr.  and  Const.  Record.  July  30. 
1887. 

of  St.  Louis,  Tlie  Future.     By  R.  E.  McMath.    Gives  a  brief  description  of  the 

ground  covered  by  St.  Louis,  and  outlines  a  plan  for  the  drainage  of  a  portion  of  the 
unsewert'd  part  of  the  city;  also  gives  a  map  of  the  city  showing  the  25  feet  contours. 
Jour.  Assoc.  Eng.  Soc,  Vol.  VI.,  p.  133. 

Diraw-Bridge^  ^ccownf  o///ie  i?recfjon  o/ a,  without  false  works.     By  C.  S.  Maurice, 
P  smbes  the  erection  of  a  piret-span  260  feet  long  over  the  Tombigbee  River,  nea 
Jeoiopolis,  Ala.     Trans  Am.  Soc.  of  C.  S.,  Vol.  II.,  p.  330. 
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Drawings.  Reproduction  o/,  by  Actinic  Processes.  By  Benj.  H.  Thwaite.  Describes 
many  methods,  with  the  necessary  mixtures,  apparatus  and  manipulations,  includ- 
ing two  giving  white  lines  ou  blue  ground;  three  giving  blue  lines  on  a  white  ground; 
two  giving  white  lines  on  a  black  ground;  two  giving  black  lines  on  a  white  ground; 
two  giving  brown  lines  on  a  white  ground;  also  the  zincographic  process.  Proc.Inst. 
Civ.  Engrs.,  Vol.  LXXXVl.,  p.  312.  See  Heliograph  Black  Process  and  Copying 
Drawing. 

Dredge,  Ticiu  Screiv  Hopper,  "  Pholas  '  A  brief  description,  with  two-page  plate 
showing  plan  and  sections  of  the  dredge  boat  "  Pbolas,"  built  for  the  Bombay  Port 
Trust.  The  boat  is  155  feet  long,  31  feet  beam,  and  10  feet  depth  molded,  built  of 
steel,  with  8  compartments;  capacity  of  hoppers,  10,000  cubic  feet,  with  displace- 
ment for  500  tons  of  dredged  material.    Engineering,  June  24,  1887. 

,  The  Lockicood.    Gives  description  of  the  dredge  designed  and  built  by  F.  A. 

Lockwoodfor  work  un  the  Cape  Col  Canal.    Drawings  show  details.      San.  Engr., 

Nov.  5.  1887. 
Dredging    Operations  and  Appliances.    By  John  J.  Webster.     Gives  historic  sketch 

of  dredging  machines,  and  a  great  deal  of  valuable  matter  relating  to  dredging. 

Discussion  of  the  above  paper  by  promment  engineers.  Inst,  of  C.  E.,  Vol.  LXXXIX. 

p.  2;  Eng.  Heics,  July  16  and  23,  1887;  Engineering,  March  4,  1887. 
Machines,  Hydraulic.    By  C.  B,  Hunt.    Refers  briefly  to  one  or  two  typical  ma- 
chines, and  then  describes  the  Von  Schmidt  system  of  hydraulic  dredging  in  detail, 

Proc.  Eng.  Club  Phila.,  Vol.  VI.,  p.  124. 
of  Ocean  Bars.     By  Gen.  A.  Q.  Gillmore.    Gives  details  of  the  removal  of  bar  at 

the  mouth  of  St.  Johns  River  by  means  of  sand  pumps.     Van  Xos.  Eng.  Mag..  Vol. 

VJI  ,  p.  311. 
Machinery,  Recent  Improvements  in.    A  paper  before  the  Am.  Soc.  Mech.  Engrs., 

by  A.  W.  Robinson.    Mainly  confined  to  the  chain-bucket  or  elevator  system  in  conri- 

parison  with  others.    Illustrated.    Engr.  Xnos,  Dec.  4,  1886. 
Plant.     Gives  description,  with  detail  drawing,  of  the  Von  Schmidt  dredge  used 

at  Oakland,  Cal.    Sanitary  Engineer,  Oct.  8-15,  1887. 

for  Bristol,  England  and  the   West  Indies.    Descriptions  of  a  steel,   four-screw 


and  single-ladder  hopper  dredge,  218  feet  long,  built  for  the  Dock  Committee  of  the 
Bristol  Corporation.  Also  of  a  twin  screw  dredge  **  Dolphin,"  for  the  West  Indies. 
Illustrated  with  full  page  drawings.     Engineer,  Jan.  7,  1887. 

Drift-Mining,  bj- T.  Egleston.  Describes  methods  used  in  the  West  to  work  the  an 
cient  river  beds.    Sch.  Mines  Qnar.,  Vol.  VIII.,  pp.  204  and  289. 

Dry-Docks.  Simpson's  Timber  Dry-Docks.  Description  and  comparison  with  stone- 
dry-docks.  Illustrated.  Paper  read  before  U.  S.  Naval  Institute,  Feb.  2,  1887,  by 
Loeut  .-Comdr.  C.  H.  Stockton,  U.  S.  N.  Proceedings  of  the  U.  S.  Naval  Institute 
for  1887,  Vol.  XIII.,  No.  2. 

Dwelling  H.OMses.  Rdat ions  of  Temperature  to  Health  in.  By  Dr.  D.  Benjamin. 
Treats  of  the  proper  conditions  for  ventilating  and  prevention  of  injurious  draughts 
Set.  Am.  Suppl.,  March  19,  18S7. 

HynsiWiite,  Use  of,  in  Mines.  By  M.  G.  Cerbeland.  Mem.  de  la  Soc.  des  Ing.  Civils, 
Dec,  1885,  pp.  792-806. 

.    See  Pneumatic  Dynamite  Gun. 

Dynamos.  Alternating  Current.    See  Westinghouse  System  of  Electric  Lighting. 

.     Exploration   of   the  Magnetic  Fields  Surrounding   Dynamos.    Experiments 

made  at  the  Philadelphia  Electrical  Exhibition  in  1884,  by  Carl  Hering.  Electrician 
and  Electrical  Engineer,  August,  1887.  Reprinted  in  the  Electrical  Revieiv,  Aug.  19 
and  26,  1887. 

.Notts  on  the  Performance  of  Some.    Reprint  of  table   published  in  April,  1887. 

with  corrections  and  additions.  Prof.  Jackson,  Cornell  Uninersity.  The  Electrican 
and  Electrical  Engineer,  June,  1887. 

.    Tfie  Relation  between  the  Cross-section  of   the    Iron   in   Armature  and  Field. 

Paper  read  before  the  American  Institute  of  Electrical  Engineers,  May    18,  1887,  by 
Dugald  C.  Jackson,  and  discussion  of  the  same.    Gives  results  of  the  author's  experi 
ments  on  a  Gramme  dynamo  at  Cornell  University,  showing  the  effect  of  varyin 
the  section  of  the  armature.    The  Electrician  and  Electrical  Engineer,  June,  1887 
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Dynamos,  Construction  and  Pole  Pieces.  By  H.  F.  Watts.  Electrical  World,  Jan.  22, 
1886. 

.    By  J.  Hopkinson,  M.  A.,  D.  Sc,   F.  R.  S..  and  E.   H.  Hopkinson,  M.  A.,  D.  So. 

From  the  Philosophical  Transactions  of  the  Royal  Society.  Theoretical  construc- 
tion of  characteristic  curve,  efficiency  experiments,  etc.  The  Electrician  and  Elec- 
trical Engineer,  January  and  February  numbers,  1887. 

^  JSfote  on  the  Performance  of  Some.    A  table  comparing  the  results  attained  by 

several  prominent  dynamo  builders,  principally  English  and  American.  By  Prof- 
Jackson,  of  Cornell  University.  The  Electrician  and  Electrical  Engineer,  April. 
1887. 

. .    Theoretical  construction  of  characteristic  curve.     Effect  of  the  current  in  the 

armature,  etc.  By  J.  Hopkinson,  M.  A.,  D.  Sc,  F.  R.  S.,  and  E.  Hopkinson,  M.  A..  D. 
Sc.  From  the  Philosophical  Transactions  ot  the  Royal  Society.  Published  in  ihe 
Electrical  Review  for  Nov.  12  and  19,  1886. 

.    The  Predetermination  of  the  characteristics  of  dynamos.      By  Gisbert  Kapp. 

Paper  read  before  the  Society  of  Telegraph  Engineers  aud  Electricians,  London, 
England.    Electrical  Review,  Nov.  19,  1886. 

,  Practical  Deductions  from   the  Franklin  Instit%ite  Tests  of .    By  Carl  Heriisg. 

The  most  important  and  valuable  tests  ever  published .  Valuable  for  dynamo  design- 
ers.   Electrician  and  Elect.  Engr.,  Nov.,  1886;  also  Jour.  Frank.  Inst.,  Dec.  18G6. 

.    By  Ot.  M.  Hopkins.    Gives  a  full  and  detailed  account  of  a  dynamo  capable  of 

supplying  a  current  to  8  sixteen  candle-power  lamps,  with  elaborate  instructions  for 
constructing  the  same.     Set.  Am.  Supple  ,  July  2,  1887. 

Dynamometer.  A  continuous  registering  belt  dynamometer,  wherein  the  friction  of 
the  apparatus  is  eliminated.  Described  and  illustrated  in  Sc.  Am.  Suppl..  Bee.  4, 
1886. 

_.    For  Testing  the  Force  of  the  Hammer  Blow  of  Locomotive  D>'ivers.    Designed 

by  a  joint  committee  from  the  Master  Mech.  Asso.  and  the  Frank.  Inst.  Described 
and  illustrated.    Railway  Review,  Chicago,  Oct.  9,  1886. 

Eads,  James  B.    An  exhaustive  biography,  with  portrait.    Sci.  Am.  Sup  ,  May  7,  18S7. 

Eads,  Captaid  James  B.  A  short  sketch  of  his  life  and  achievements.  The  Railroad 
and  Engineering  Journal,  April,  1887. 

^  with  portrait.    Mechanics,  April,  1887:  Railroad  Gazette,  March  18,  1887. 

Earthquakes,  Studying  by  Electricity.  A  good  description  of  methods  and  apparatus. 
Illustrated.     The  Electrical  World,  March  12,  19,  26  and  April  2  and  9, 1887. 

of    1886.    Their  influence  on  light-houses.    An.  Report  Light-House  Board, 

1886. 

^  Origin  of  the  Charleston.  By  Emil  Starek.  Treated  with  equations  to  deter- 
mine point  of  origin.    Illustrated  with  a  map.    Sch.  of  Mines  Quar.,  Oct.,  1886. 

^  A  paper  by  Prof.  J,  S.  Newbury.    Gives  the  common'.y  received  theories.     Sch  . 

Mines  Quar  ,  October,  1886. 

^  Their  Effect  on  the  alignment  of  railroads  in  the  South.  Described  and  photo- 
graphic cut  shown'.    R.  R.  Gazette,  Oct.  29, 1886. 

Earthwork,  Calcidation  of,  by  the  use  of  the  slide  rule.  By  M.  Le  Brun.  Consider- 
able discuss-ion  of  the  methods  of  calculating  excavations  and  embankments,  with 
use  of  graphical  scales  of  various  kinds,  and  the  slide  rule.  Mem.  de  la  Soc.  des  Ing. 
Civils,  Aug.,  1886,  pp.  15-?-21f;. 

^  Graphical  Estimates  for  Raihvays.    Gives  method  consisting  essentially  of  there 

diagrams,  viz  :  for  section-areas  of  tljrough-cut  sections,  for  areas  of  hill-side  sec- 

;~  tions,  and  for  a  correction  to  be  applied  to  end-area  solidities.  Van  Nos.  Eng.  Mag., 
Vol.  VI.,  p.  84. 

.  By  W.  B.  Ross.  Describes  some  simple  tables  that  are  universal  in  their  appli- 
cation.    Van  Nos.  Eng.  Mag.,  Vol.  V.,  p.  594. 

,  Estimating.    By    J.  R.  Gillis.    Gives  method  of  estimating  the  work  from  profile 

when  lack  of  time  prevents  more  accurate  methods.  Van  Nos.  Eng.  Mag.,  Vol.  II., 
p.  532.     Trans.  Am.  Soc.  C.  E.,  1869. 

,  Computation  by  Diagrams.    Gives  some  diagrams  illustrating  practically  the 


method  used  in  Mr.  Wellington's  treatise.    Eng.  News  ,  Sept.  3,  1887. 
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East  River  Bridge,  Progress  of  Work  at,  June.  1879.  By  F.  Colliagwnod.  Gives 
numerous  details  of  methods  used.  Trmis.  Am.  Soc.  C.  E.,  Vol.  IX.  (1880),  pp.  16^- 
172. 

Economy,  Comparative,  of  Structures,  or  other  engineeriuer  and  architectural  works. 
By  iirthur  Cobb.  The  subject  investigated  by  means  of  alarebraic  equations,  all  the 
functions  entering  in  with  their  proper  values.  An  interesting  and  valuable  discus- 
sion. Van  Nos.  Eng.  Mag.,  December,  1886. 

Education,  Technical,  on  the  Baltimore  rfr  Ohio  R.  R.  A  long  extract  from  the  prin- 
cipal of  the  B.  &  O.  school,  with  long  comments  on  the  same.  R.  R.  Gaz.,  April 
22,  1887.- 

.    An  address  by  Robert  H.  Thurston,  delivered  at  the  seventennth  annual  com- 

aaencement  of  the  Worcester  Polvtechnic  Institute  on  technical  training,  considered 
as  a  part  of  a  complete  and  generous  education.    Sci.  Am.  Sup.,  July  16,  1887. 

Elastic  Limit.  By  J.  Bauschinger.  On  the  change  of  the  elastic  limit  and  strengtl» 
of  iron  and  steel  by  drawing  out,  by  heating  and  coolin'j  and  by  repetition  of  loading 
Am.  E'ig.,  Jan.  26.  1886. 

of  Iron  and  Steel.    On  a  new  method  of  detecting  overstrain  in  iron  and  other 

metals,  and  on  its  application  in  the  investigation  of  the  causes  of  accidents  to 
bridges  and  other  constructions.  Shown  by  the  permanent  elevation  of  the  elastic 
limit  by  overstraining.    By  K.  H.  Thurston.     Trans.  Am.  Soc.   C  ^.,  Vol.  "VII.,  p. 

•■ "  53.    Fee  Iron  and  Steel. 

Electricity.  Systems  of  Distribution.  By  Elihu  Thomson.  Sibley  College,  Lecture 
No.  V.  Gives  a  general  classification  of  tbe  systems  of  distribution,  and  describes 
each  in  detail.    Sri.  Am  .  Sup.,  July  22,  1887. 

.     Gloiv  Lamps,  their  use  and  manufacture.     By  Maj.-Gen.  C.  E.  Weber,  before 

the  Royal  Society.    Jour.  Soc.  Arts,  Dec.  10, 1886. 
.    yovei  Phenomena  of  Alternating  Currents.    Paper  read  before  the  American 


Institute  of  Electrical  Engineers,  May  IS,  1887,  by  Elihu  Thomson.  Treats  of  the 
repulsion  of  a  closed  circuit  by  an  alternating  current.  A  valuable  contribution  to 
elt,ctrical  science.     The  Electrician  and  Electrical  Engineer,  June,  1887. 

,  Pyro-Magnetic  Generator  of.    See  Pyro-Magnetic  Generator. 

,  Study  of  Earthquakes  by.    See  Earthquakes. 

,  Distribution  of.  See  Flad's  Overhead  System  of  Wiring  for  Cities.  Also  Trans- 
former. 

Electricity.  Description  of  the  Hartnell's  Brush  contact  and  compound  switches. 
Illustrated.    Engineering,  Oct.  21, 1887. 

'Electvic-'Ligla.t  Distribution.  A  short  description  of  the  method  employed  by  the 
Edison  Electric  Illuminating  Coaapany  of  Boston.     San.  Engr.,  Jan.  8,  1887. 

Plants,  The  Installation  of.    By  J.  W,  Beane.  Abstract  of  paper  before  the  Elec. 

Club.    Elect.  World.  3&n.  15,  1887. 
.  Description  of  the  "transformers' '  on  the  Zipernowski-Deri-Blathy  system,  which 

is  being  successfully  worked  in  Europe.     Elect.  World,  Jan.  15, 18»7. 

.  A  description  of  the  means  now  used  for  that  purpose.  By  N.  S.  Possons,  Cleve- 
land.   Jour.  Assoc.  Engr.  Soc,  Vol.  V.,  p.  463. 

- — - — .  Incandescent  and  arc  lamps  on  the  same  circuit.  B3"  Hermann  Lemp.  The 
Electrician  and  Electrical  Engineer,  Nov.,  1886. 

■ for  the  New  Cruisers.  Paper  read  before  the  National  Electric  Light  Asso- 
ciation, Boston,  Aug.  10,  1887,  by  Lieut.  J.  B.  Murdock,  presenting  in  a  general  way 
the  views  of  the  Bureau  of  Ordnance  of  the  Navy  Department  on  the  peculiar  con- 
ditions to  be  met  in  the  lighting  of  ships  by  electricity,  and  the  best  methods  of 
meeting  them.    The  Eh  ctrician  and  Electrical  Engineer,  Sept.,  1887. 

of  Passenger  Trains.    Paper  read  before  the  American  Institute  of  Electrical 

Engineers,  June  28,  IS87.  Describes  the  systems  in  use  on  the  Boston  &  Albany 
and  some  other  railroads.  By  George  W.  Blodgett,  Electrician  Boston  &  Albany  R. 
R.  Tfie  Electrician  and  Electrical  Engineer.  July,  1887.  See  further  Railroad 
Gazette,  April  15  and  Sept.  9.  1887. 
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Electric  Lig-ht  in  Works  and  Factories.  By  Prof.  J.  A.  Fleming  before  Irou  and  Steel 
Institute.  Gives  a  great  deal  of  valuable  inforoiauon  relating  to  choice  of,  cost,  dur- 
ability and  efficiency  of  apparatus  required,  ^ngmeertng,  Sep'.  30,  ef  se^.,  1887. 
Am.  Emj..  Oct.  12,  1887. 

.     ifeeUiig  of  the  National  Electric  Light  Association  at  Philadelphia,  February. 

1887.  Full  report.  Papers  on  "'Standard  Wire  (iauge,"  "High  Insulation"  of  lines, 
"The  U.  S.  Patent  System,"' "Beltiog,"  "Electric  Motors,"  "Steam  Plant,"  "Incan- 
descent Lights  on  High  Tension  Circuits,"  "Secondary  Generators,"  "Alternating 
Current  Distribution,"  etc.,  with  discussions.  The  Electrical  World.  Feb,  26.  188T: 
also  in  The  Electrician  and  Electrical  Engineer  for  March,  1887. 

.    Incandescent  Lamps  on  Arc  Circuits.    Diehl's  induction  system.     An  interest. 

ing  description  of  a  very  ingenious  device.  Illustrated.  The  Electrical  World 
Feb.  12,  1887. 

houses.    See  Light-houses. 

■.    See  Westinghouse  system.    See  Transformers. 


Electric  Motor.  7 he  Sprague.     Brief  description  of  the  Sprague  electric  motor  for 

street  cars,  with  plans  and  elevations;  also  details  of  the  trial  in  New  York.      Fug. 

Neivs,  Oct.  22,  1887. 
Electric  Railroads .    By  A.  Reckeczaun.    Describes  the  details  of  several  electric 

tramways  in  Europe  and  gives  cost  of  working  them.     Jour.  Soc.  of  Arts,  April  22. 

1887. 
,  t?ie  Blackpool.    Illustrated  description  of  the  above  syntem.    Sci.  Arn.  Supple., 

Jan.  8,  1887, 

Systems,   Construction   and   Operation   of  Dynamo.      By  S.   D.   Field.     Treats 


of  the  proportions,  amount  of  iron  in  armatures,  brush  lead  and  other  items.     Sci, 
Am.,  Sup.,  May  7,  1887. 

.     The  Schlesinger  System  described  by  the  inventor.    The  conductor  <jarried  in  a 

conduit  between  the  tracks.    One  such  in  operation  in  Philadelphia.     Jour.  Frank. 
Jhs*.,  Nov.,  1886. 

.    A  short  illustrated  description  of  the  proposed  electric  railway  to  be  constructed 

in  New  York  City  on  the  Bentley -Knight  system.     Engineer,  Jan.  2S.  1887. 

of  the  World.    Two  tables  showing  location,  length  of  line,  system  of  conductors. 

cost  of  operation,  etc.,  of  electric  roads  of  the  world.    Eng  Neu-s.  May  28,  1887. 

of  the  United  States .     By  T.  C .  Martin.      Advocates  the  use  of  electricity,  and 

shows  what  is  being  done  by  giving   the  performances  of  the  various  motor  com- 
panies, seriatim.    R.  R.  Gaz.,  April  29,  1887. 

,  Sprague  System.    General  description.     Electrical  Review,  Oct.  22.  1886. 

,  See  Railroads. 


Electric  Steering  Apparatus  for  Boats.    See  Griswold's  Torpedo  Boat 

Welding.    By  Pcof.  Elihu  Thomson.       An   intereisting  description  of  this  new 


process,  illusti'ated  by  cats  of  the  apparatus  used,  and  a  collection  of  specimens  of 
the  work  done.  The  Electrical  World,  Dec.  2.5,  1886;  also  in  The  American  Engi- 
neer, Beb.  2,  1887. 

Electrical  Eng-ineering:.  Course  of  Study  for.  Py  F.  R.  Hutton.  Should  be  "  Me- 
chanical Engineering  with  an  Electrical  Fngineering  Attachment."  Sch.  of  Mine^ 
Quar.,  Oct.  1887.  p.  69. 

Electrolysis.  Fer/'/ica<Voi(  o/i^arada.v's  Law,  with  reference  to  silver  and  copper. 
Paper  read  before  the  M.  &  P.  S.  Section  of  the  British  Association  at  Birmingham. 
Sept.  7. 1886,  by  W.  N.  Shaw,  M.  A.  Gives  results  of  author's  experiments.  Elec- 
trical Review,  April  8,  1887. 

.  Verification  of  Farad y's  Law,  with  reference  to  silver  and  copper.  Paper  con- 
tributed to  the  British  Association  meeting,  1886,  by  W.  N.  Shaw.  M.  A.  Gives  an 
account  of  the  author's  experiments.  I'he  Electrician  and  Electrical  Engineer. 
April,  1887. 
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Elevators,  Grain.    A.  general  article  oo  the  construction  of  srrain  elevators,  illustrated 

by  details  from  various  structures.     Saa.  Eng.,  Nov.  12.  1887. 

.     See  Grain. 

,  The  Helicoidal.     Gives  description  of  the  system  to  be  applied  to  tne  Tower  in 

Paris.  Sci.  Am.  Supple.,  Sept   10,  1887. 
fim«,  Prfsst/j-e  o/ <7ra/;i  on  sides  and  bottom  of .      Results  of  experiments  on    a 

large  scale  ia  Eogland.     Sci.  Am.  SuppL,  Dec.  18, 188f),  p.  9,138. 
Elevation  of  Outer  Rail  on  Curves.     A  good  editorial  in  the  R.  R.   Gazette.  Dec.   3. 

1886. 
Elevated  Railroad.    See  Railroad,  Elevated. 
-,  Meigs  System  of.    An  abstract  from  the  report  of  tke  Mass.  Stats  Board  of  K.  K. 

Commissioners  on  ''  the  safety  and  strength  of  the  Meigs  elevated  railway,  so-called. 

in  Cambridge,  and  the  rolling  stock  and   motive  power  used  ihereoii.""    Stig.  New^i, 

Jan.  12,  1884. 
,  the  Meigs.    A  description  of  the  system  as  built  at  East  Cambridge,  Mass. ;  also 

the  report  of  Gen.  Stark,  C.  E.,  on  the  same  to  Board  of  Railroad  Commissioners 

Sci.  Am.  SnppL.  Feo.  5,  1887. 
Neiv  York.    Two  articles  giving  minute  account  of  the  organization  and  opera- 
tion .     R.  R.  Gazette,  July  15  ana  22,  1887. 
-,  Short-Nesmith  System.    Now  in  use  ia  Denver,. Col.    A  series  system,  using  con- 


ductors io  a  conduit,  with  circuit  openers  at  intervals  in  the  line.     Description,  with 

illustrations.    Electrical    World,  April   2,  1887;  also  in  Electricari   and  Electrical 

Engineer.  April,  1887. 
Embankments  made  by  Water  Power.    By  Ed,  B.  Dorsey.    Describes  how  a  reservoir 

embankment  80  ft.  high  could  be  built  by  hydraulic  excavation  and  ^ater-carriage, 

the  materials  being  depositsd  in  place  by  the  water.    Illustrated.     Trails.  Am.  Soc  . 

Civ.  Eagrs.,  May,  1886,  Vol.  XV.,  p.  348. 
Em.ery  Wheels.    A  valuable  paper' on  the  comparative  economical  value  of  emery 

-wheels  and  files.    R.  R.  Gaz..  May  27,  3  887. 
Engineers,  Their  Relations  and  Standing.    By  R.  E.  McM-^th.    Gives  a  short  history 

of  the  developnaent  of  the  Engineering  Department  of  the  U.  S.  Army.    Jour.  Assoc. 

Eng.  Soc,  Jan.,  1887. 
Engineering-,  American  at  the  Paris  E.vhibition.  18T6.    The  Am.  Soc.  of  Civ.  Engrs. 

exhibit  described,  and  raany  plates  given  of  designs  there  shown.     I'-ans.  Am.  So*-. 

Civ.  Engrs.,  Vol.  VII.  (1878),  pp.  320-422. 
.  American,  A  Memoir  of.    By  John  B.  Jervis.    A  valuable  account  of  the  early 

engineering  in  this  country.     Trans.  Am.  Soc.   Civ.  Engrs..  Vol.  VI.   ri877),  pp. 

39-67. 
,  Proposal  for  an  Academy  of.    A  paper  read  before  the  Ana.  Assoc.  Adv.  Sc,  by 

Wm.  Kent.    A  rather  visionary  proposition  to  establish  an  exclusive  body,  at  once 

honorary  and  executive,  in  America.     Van    Nos.  Eag.   Mag..   October,  1886.     Al^o. 

Engr.  News,  Oct,  16,  1886,  and  Am.  Engr.,  Oct,  6,  1886. 
Laboratories.     Abstracted  from  a  paper  by  Prof.  B.  AV.  Kennedy   before  the 

Inst,  of  Civil  Engrs.    R.  R.  Gaz.,  Jan.  28,  1887, 
-,  Plant.     Details  of  the  traveler  used  for  erecting  columns  ard  girders  of  the 


Kings  County  Elevated  Railroad  are  piven  in  San.  Eng.,  June  4.  1887. 

Engineering"  and  Surveying.  By  Chas.  Latimer.  .Jour.  Assoc.  Eng.  Soc,  Vol.  VI.,  p, 
416, 

Engine  Trials  at  Newcastle.  Gives  a  report  of  the  competitive  trials  of  agricultural 
engines  at  the  Newcastle  Exhibition.  Contains  description  of  the  engices  with  table 
showing  the  principal  dimensions;  also  table  giving  result  of  brake  trials.  Engineer- 
ing, July  15,  1887, 

,  Distribution  of  Heat  in  the  Steam.  By  Maj.  Tljos,  English,  R,  E,  A  paper  be- 
fore the  Institution  of  Mechanical  Engineers.  Gives  results  of  experiments  made  on 
some  direct-acting  high-pressure  pumping  engines.  Engineering.  July  8,  1887. 
Abstracted  i?ai7road  Gazette,  Oct,  28,  1887. 

,  Compound  Tandem.   Brief  description  with  two-page  plate  of  a  pair  of  compound 

tandem  engines  having  cylinders  20  and  42  inches  in  diameter  and  6  feet  stroke, 
Engineering,  Aug.  26, 1887. 
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Engrines,  Compound,  of  the  S.  S.  "  Slepney  "  and  "  Wappiuy."    Double  page  illustra 
tions  with  description.    They  involve  many  new  and  valuable   features.      Engineer- 
ing, Sept.  17, 1886. 

Operated  by  Other  Mediums  than  Steam.      Py  George  H.  Babcock.      A  paper  on 

'' Substitutes  for  Steam,"  covering  with  the  discussion  60  pp.,  fudy  illustrated. 
Many  kinds  of  substances  are  used  which  are  here  discussed,  together  with  the  forms 
of  engines  using  them.    Trans.  Am.  Soc,  Mech.  Engrs.,  Vol.  VII.,  p.  680. 

.    An  illustrated  description  of  the  Crompton  express  tank  engine.    R.  R.  Review 

of  the  Steamship  Poplar.    Gives  brief  illustrated  description  of  a  part  of  com 

pound  engines.    Engineer,  Feb.  4,  1887. 
-,  Quadruple  Expansion.    A  brief  description,  with  drawing  showing  arrangement 


of  details.    Engineering,  March  18  and  April  1,  1887. 

,  Works,  Plan  and  Construction  of  Marine.    By  Thomas  Mudd .    Gives  sketch  ot 

the  construction  and  equipment  of  the  Central  Marine  Engine  Works  at  West  Har- 
tlepool, but  gives  prominence~to  feature?  that  are  important  to  all  engine  works.  A 
valuable  paper.    Illustrated.    Engineering,  Ma,rch  25,  18S7. 

,  Punwing.    See  Water- Work,  Lincoln,  Eng. 

,  Underground  pumping.    A  two-paged  plate  of  drawing  showing  details  of  a  pair 

of  pumping  engines  recently  erected  at  the  Denby  Colliery  designed  to  pump  1,000 
gallons  per  minute  with  a  lift' of  552  ft.    Engineering,  March  25,  1887. 

,  Illustrated  description  of  the  compounfl  engines  of  the  twin-screw  dredge  "  Dol 

phin,"  recently  constructed  for  harbor  work  in  the  West  Indies.  Gives  section  and 
elevation  of  one  pair  of  the  engines.    Engineer^  Jan.  14,  1887. 

,  Petroleum.  An  illustrated  description  of  the  Spiel  petroleum  engine.  Also  con- 
tains results  of  tests  made  by  Dr.  Hopkinson.     Engineer,  Jan.  21, 1887. 

,  Non-Condensing,  Friction   of.    Paper  read  at  the  New  York  meeting  of  the 

American  Society  of  Mechanical  Engineers,  Nov.  30,  1886,  by  R.  H.  Thurston, 
Ithaca,  N.  Y.  An  account  of  some  experiments  tending  to  show  that  the  friction  in 
automatic  cut-oflf  non-condensing  engines  does  not  vary  with  change  of  load,  and  is 
correctly  represented  by  the  ''friction  card."'  R.  R.  and  Eng.  Jour., ¥e\i.,l%W7; 
the  Mechanical  World,  Dec.  24, 1886. 

,  The  Querrel.    A  brief  illustrated  description  of  an  engine  which  can  be  worked 

with  economy.  Experiments  show  that  its  consumption  of  steam  can  be  reduced  to 
about  14  lbs.  per  horse-power.    Engineer,  Jan.  28, 1887. 

,  Piston  Velocity  in  Cranh.  By  R.  Werner.  Find  formula  for  the  maximum  ve- 
locity of  piston.    Illustrated.     Van  Nos.  Eng.  Mag.    Vol.,  VII.,  p.  305. 

,  Condensation  in  Steam.    By  M.  E.  Couste.    Gives  an  analysis  of   condensation 

from  the  physical  and  mathematical  theory  of  the  condenser.  Compares  the  sur- 
face and  injector  systems,  etc.     Van  Nos.  Eng.  Mag.,  Vol.  I.,  pp.  613,  801,  etc. 

.  Traction  on  Road  Locomotives.  By  Prof.  R.  H.  Thurston.    Gives  a  short  history 

of  traction  engines  and  then  gives  details  of  some  experiments  made  with  them. 
Van  Nos.  Eng.  Mag.,  Vol:  VIII.,  p.  254. 

■.    A  paper  by  Mr.  F.  C.  Marshall  before  the  British  Institution  of  Naval  Architects, 

treating  of  the  progress  and  development  of  the  marine  engine.  Am.  Eng  ,  Aug. 
]?,  etc.,  1887. 

,  Compound.    Investigates  a  formula  which  shall  determine  the  pressure  at  any 

part  of  the  stroke,  etc.     Van.  Nos.  Eng.  Mag.,  Vol.  IX. 

,  Report  on  the  Allen.  Gives  details  of  the  experiments  conducted  at  the  Exhibi- 
tion of  the  American.  Institute  to  ascertain  the  economy  and  effective  power  of  the 
Allen  engine.     Van  Nos.  Eng.  Mag.,  Vol.  IV.,  p.  524. 

' ,  Traction  in  France.    By  D.  Sienard.    Treats  of  the  engines  at  the  Exposition, 

and  gives  results  of  experiments.     Van  Nos.  Eng.  Mag.,  Vol.  I.,  p.  209. 

,  Compound  Mill.    An  illustrated  description,  with  details  of   the  performance  of 

an  engine  provided  with  double-beat  equilibrium  valves.  The  engine  was  construct- 
ed under  a  guarantee  of  economy  in  steam  consumption  and  in  regularity  of  speed. 
Engineering,  May  27,  1887. 
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Engines^  Heat  in  the  Steam  By  Maj.  T.  Eaglish.  Gives  results  of  experiments  made  to 
ascertain  the  most  economical  method  of  working:  some  direct-acting,  high  pressure 
pumping  engines  for  the  Egyptian  expedition.  A  valuable  paper.  Engineer,  July 
1,  1887. 

,  Triple  Expansion.   Gives  description  of  the  machinery  of  the  S  S.  "Manauense,"' 

which  was  converted  from  a  compound  to  triple-expansion  engine,  and  shows  an 
increase  of  speed  of  U]^  per  cent.,  and  5  per  cent,  decrease  in  fuel,  or  the  distance 
through  which  a  ton  of  coal  will  propel  the  loaded  ship  has  been  increased  15  per 
cent.    Engineer,  May  20,  1887. 

,  Steam  Marine,  Triple  Expansion  By  Robert  Wylie.  Paper  read  before  the  Insti- 
tute of  Mechanical  Engineers,  at  Leeds,  England,  October  18,  1886.  American  Engi- 
neer, Nov.  17  and  24.  1886. 

Testa     Gives  conditions  of  tests  of  steam  engines  prepare!  for  use  at  the  Royal 

Agricultural  Show  at  Newcastle;  also  gives  copy  of  blank,  showing  what;  data  will  be 
collected.     Engincrr,  June  2i,  1887. 

Equilibrium  Polyg-on.    Method  of  drawing  the  equilibrium  polygon,  so  that  three 

given  strings  may  pa«s  through  three  given  points.  By  Hiippaer.  [A  beautiful 
method,  identical,  however,  with  that  given  by  Levy  in  the  new  ed.  of  his  "Statique 

Graphique,''  p.  65.]     Der  Civil ingeneur,  1887,  p.  8.9-92. 
Evaporation,  Investigation  of  the   Laws  of.     By  Desmond  FitzGerald.     The  most 

elaborate,  extended  and  scientific;  experiments  ever  made.     The  irfiuence  of  heat, 

wind,  sun  and  depth  investigated.     Tables,  cuts,  plates,  etc.,  the  whole  covering  66 

pp.  in  Trans.  Am.  Soc.  Civ    Engr.,  Vol.  XV.,  p.  581. 
Excavators  or  Land  Dredges.     By  Albert  Millet.    Describes  the  different  forms  of 

macbmeg  in  use  on  tlie  Panama  Canal,  and  gives  cost  of  excavating  with  them. 

Kens.  Soc.  of  Evgrs..,  Vol.  I.,  p.  152. 
Executive  Department,  a  New.    The  May  number  of  the  Forum  contains  a  good 

article  of  the  above  title,  setting  forth  the  necessity  for  re-organizing   the  several 

bureaus  of  a  scientific  character  uOcler  one  department,  where  engineers,  both  civil 

and  military,  will  have  ample  scope  and  just  rewards  for  their  services. 
Explosives.    Gives  composition  and   relative  intensity  of  a  large  number  of  high 

explosives,  and  then  discusses  those  best  adapted  to  submarine  mining.    Engineer- 
ing, Aug.  26,  et  seq.,  1887. 
Explosives  6?/ Reacho>(      Gives  formulas  for  polvnitro  cellulose  and  asphiline,  with 

the  reactions  which  occur  in  the  latter.    Lp,  Genie  Civil,  M.a,y  7,1887:  also  .Ejigr. 

News,  July  2,  1887. 

.    Rack-a-rock  for  use  in  iunn<-ls,  caissons,  etc.    See  Bridges. 

Expansion,    Controlling,   in   Loromotives.    By  E.  "W.   Hall.    Discusses  the  present 

practice  in  the  cons.ruction  of  rack,  reverse  lever  and  catch,  and  advocates  the  use 

of  double  catch     Proc.  Eng.  Club,  Philadelphia,  Vol.  VI.,  p.  116. 
Extractors,  Centrifugal.    By  R.  F.  Gibson,    Gives  the  mathematics  and  mechanics  of 

centrifugal  extractor.-;  also  describes  the  different  forms  of  machines.      Sci.  Am. 

Sxipp. ,  Sept.  24,  etc.,  1887. 
Eye  Bars.    Proportions  of  Beads  and  Pins.     By  C.  Shaler  Smith.    Determinations 

from  experiment.  Illustrated.    Tr.  Am.  Soc.  Civ.Engrs.,  Vol.  VI.  (1877),  p.  263-267. 
" .    Stresses  in  Heads  of.  By  Wm.  H.  Barr.  An  elaborate  theoretical  investigation. 

but  rather  t®o  highly  mathematical  to  prove  of  much  practical  value.     Trans.  Am. 

Soc.  Civ.  Engrs.,  Vol.  VI.  (1877),  p.  127  et  seq.    Discussion,  Vol.  A^II  ,  p.  189. 
Falls  of  the  Ohio  River.    See  Water  Power. 
Fans  and  Blowers,  Efficiency  of.    Experiments  by  Wm.  P.  Trowbridge  and  George 

A.  Souter,  to  determine  the  volumes  of  air  delivered  under  various  conditions  and 

the  power  required.    From  Trans.  Am.  Soc.  Mech.  Engrs.,  Vol.   VII.,  reprinted  in 

Engr.  News,  Dec.  11,  1886. 
Fire-Bricks,  Notes  on.    By  Lieut.  G.  E.  Glover.    Extracts  from  a  paper  presented  to 

Corps  of  Royal  Engineers.     Van  Nos.  Eng.  Mag.,  Vol.  VI.,  p.  6. 
Field  Party,  The  Size  of  a.    By  A.  M.  Van  .\uken.    Jour.  Assoc.  Engr.  Soc,  Vol.  VI., 

p.  397. 
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Feed  Water.  By  T.  A.  Paget.  Treats  of  the  chemical  and  physico-chemical  effects. 
Van  Nos.  Eng.  May.,  Vol.  I.,  p.  927. 

Heaters.    Their  value  in  the  saving  of  fuel.    Enyr.  News,  Dec.  18,  1886. 

Ferryboats,  Improvements  in.  By  \Vm.  Cowles.  Has  especial  reference  to  the  boats 
used  in  New  York  Harbor.     Trans.  Am.  Soc  Mech.  Engr.^.,  Vol.  VII.,  p.  190. 

Filter.  Ereyvix'  Micromembran  filter.  A  short  description  of  this  filter,  in  which 
ground  asbestos  is  used  as  filtering  material,  and  which  it  is  claimed  will  prevent 
the  passage  of  bacteria.    Journf.  (rasbel.  u.  Wasserveis,  18h6,  pp.  412-416. 

,  Piefke's  filter.    Adapted  for  use  on  large  or  small  scale.    Filtering  material  is  a 

ppecially  prepared  form  of  asbestos  and  other  fibres.  Short  description,  without 
data,  regarding  cost,  etc.    Journal  f.  Oasbel.  ii.  Was.servers,  18S6,  pp.  781-788. 

Filtration,  Experiments  on.  By  Dr.  Plagge.  Report  to  the  German  Soc  of  Xatural- 
istp.  Experiments  on  filtration  of  aerms  or  bacteria.  Bischoff's  spongy  iron  filte 
and  all  the  eharcoal  filters  were  entirely  unable  to  remove  germs,  the  filtered  water 
often  containing  more  than  the  unfiltered.  The  same  was  true  of  some  paper  and 
cellular  filters.  The  Chamberland  clay  filter  and  that  of  Dr.  Hesse  were  found  to 
filter  germs  entirely  at  first,  though  after  a  time  they  were  not  efleclual.  Some 
asbestos  filters  (sad.  Breyvis'  "micromembran  filter")  filtered  perfectly  at  first,  but 
allowed  germs  to  pass  in  a  short  time.  Journal  f.  Gasbel.  n.  Wasservers.  1886,  pp. 
8CL^-812. 

or  Subsidence.  Abstract  from  a  paper  by  J.  D.  Cook,  before  the  American  Water- 
Works  Association.  Treats  of  the  most  practicable  and  economical  method  of  ob- 
taining a'supply  of  clear  water  from  streams  carrying  considerable  quantities  of  silt. 
San  Engr. ,  J  uly  30,  1887. 

Fire  Boats.  By  William  Ccwies.  A  paper  read  before  the  Am.  Soc,  Mech.  Engrs. 
Gives  description  of  the  fire  boats  at  ^ew  York,  Chicago  and  Cleveland.  Fully  illus- 
trated.   Engineering,  Jan.  14, 1887. 

Floors,  Brick  and  Cement.  Details  of  a  number  of  experiments  made  to  determine 
the  strength  of  the  different  systems  of  brick  and  cement  floors.  Van  Nos.  Eng. 
Mag.,Yo\.  III.,  p.  45. 

Flow  of  "Water.  Comparison  of  different  methods  of  measuring.  Presented  to  the 
Society  of  Arts  of  Mass.  Institute  of  Technology,  by  Prof.  George  F.  Swain.  Gives 
results  of  some  interesting  experiments.  Proceedings  of  the  Society  of  Arts,  Mass. 
Institute  of  Technology,  for  1886-1887. 

Flow  ofWater  through  pipes.  3j  James  B.Francis  Memorandum  and  tables  ex- 
hibiting'he  results  of  some  of  Darcy's  experiments  on  the  flow  of  water  through 
pipes.  Darcy's  formula  and  results  are  reduced  to  English  measures.  Trans.  Am. 
8oc.  C.  E.,  Vol.  II.,  p.  45. 

in  Small  Channels,  with  especial  reference  to  sewer  calculations.      By  Rudolph 

Herine.  Follows  Kutters  formula  and  gives  graphical  solutions.  Tran.i.  Am.  Soc. 
Civ.  Engrs..  Vol.  VIII.  (1879.^.  p.  1;  also  Vol.  IX..  p.  326. 

.    On  the  cause  of  the  maximiim  velocity  of  wa'^er  flowing  in  open  channels  being 

below  the  surface.  Bv  Jas.  B.  Francis.  Trans.  Am.  Soc.  Civ.  Engrs.,  Yo\.YIl. 
(1878),  pp.  109-113  and  122. 

in  Open  Channels.    By  Theo.  G.  Ellis.    Discusses  Kutter's  formula.     Trans.  Am. 

Soc.  Civ.  Engrs.,  Vo"..  VI.  (1877),  pp.  25C-2o7. 

in  Pipes  Under  Pressure.    By  Chas.  G.  Darrach.    An  account  of  experiments  on. 

loss  of  hf  ad  on  mains  from  20  to  36  inches  in  diameter,  and  lengths  from  4,000  to 
20,000  feet.     Trans  Am.  Soc.  Civ.  Engrs.,  Vol.  VII.  (1878),  pp.  114-180. 

in  Rivers.    By  Prof,  de  Volson  Wood.     A  theoretical  discussion.   Trans.  Am.  Soc. 

Civ.  Engrs.,  Vo\.  VIII.  (1879),  p.  173. 

.    Estimation  of,  from  the  drainage  areas,   by    R.   I«zkowski.     Coraparis<m  of 


methods  with  results  of  measurements.  Extended  tables  of  fljw «  f  European  streams. 

A  very  valuable  contribution  to  hydrology.     Zeitschr.   d.   Oester.   Ing.-u.   Arch- 

Vereins,  1886,  pp.  69-98. 
Flow  of  Metals  in  the  Drawing  Processes  used  in  the  Arts.    A  lecture  by  Oberlin 

Smith.    Describes  tube  and  wire  drawing,  stamping,  etc.  Illustrated.    Jour.  Frank. 

Inst.,  Nov.,  1886. 
Flour  Mills  and  their  Machinery.    A  historical  and  descriptive  article.     Illustrated. 

Proc.  List.  Civ.  Engrs.,  Vol.  XC,  p.  36S. 


INDEX  DEPARTMENT.  471 

Foundations.    See  Bridge,  Lachine. 

of  a   Lighthouse  renewed  and  lighthouse  removed  a  distance  of  300  feet.    Foun- 
dation of  creosoted  piles.    J.  W.  Putnam.    lihistrated.   Trans.  Am.  Soc  Civ.  Engrs., 

Vol.  X.  (1881),  p.  14. 
.     Use  of  Compressed  Air  in  th?  Tabular  Fowidat ions,  and  its  application  at 

South  Street  Bridge,   Philadelphia.    D.   McN.  StauflEer.     IllustntPd.     Trans.  Am. 

Soc.  Civ.  Engrs.,  Vol.  Yl[.  (1878),  pp.  287-309.    Discussion  in  Vol.  VIII.,  p.  186. 
.    Fall  of  the  Western  Arched  Approach  to  South  Street  Bridge,  Philadelphia. 

Foundation  .of  piles  in  soft  ground  gave  way.     D.  McN.   Stauffer.    Illustrated. 

Trans.  Am.  Soc.  Civ.  Engrs.,  Vol.  VII.  (1878),  p.  264.    Also  Discussion  in  Vol.  IX. 

p.  319. 

in  Concrete,  Brickwork  and  Stonework.    A  description  of  an  attempt  to  render 


concrete,  brick  and  stone  more  easily  available  for  cylindrical  foundations.  Van 
Xos.  Eng.  Mag.,  Vol.  VIII.,  p.  .336. 

of  the  New  Capitol  at  Albany,  N.  Y.  By  W.  J.  McAlpice.  Gives  brief  descrip- 
tion of  soil  and  experiments  made  to  ascertain  its  bearing  power.  Trans.  Am.  Soc. 
ofC.E.,Yo].IL,  p.  287. 

under   Water.    By  Gabriel  Jordan.    Describes  ;the  process  employed    in  con 

structing  the  piers  of  a  bridge  for  the  Mobile  &  Montgomery  Railroad  across  the 
Tensas  River.  The  piers  we:*e  composed  of  two  groups  of  twelve  piles  each,  inclosed 
in  iron  cylinders,  and  filled  in  with  concrete.  Trans.  Am.  Soc.  of  C.  E.,  Vol.  II., 
p.  309. 

,  Pneumatic.    B3'  Gen.  Wm.  Sooy  Smith.    Gives  details  of  the  work  at  the  Wan- 

goshance  Lighthouse,  Omaha  and  Leavenworth  bridges.  Trans.  Am.  Soc.  C.  E., 
Vol.  n.,  p.  411. 

.     Repair  of  Bridge  Pier  at  Kansas  City,  Mo.    Supports  to  piles  had  washed  out. 


Illustrated.    Engr.  News,  Dec.  25,  1886. 
—  ,  Ojjen  Brick  Wells.    See  Viaduct. 


Fluids,  Resistance  of.  Abstract 'from  "Sonnel's  Dictionaire  des  Mathematiques. 
Appliquees."     Va7i  Nos.  Eng.  Mag.,  Vol.  IV.,  p.  431. 

Fly  Wheels,  The  Bursting  of.  Abstract  of  a  paper  made  from  official  returns  of  a 
government  investigation  in  Prussia.  Causes  and  remedies.  Proc.  Inst.  Civ.  Engrs., 
Vol.  LXXXIV.,p.  518. 

,  Strength  of.    Gives  calculation  of   the    strength   of   wheels   and   the    stresses 

to  which  they  are  subjected,  the  limit  of  safety  as  regards  speed  and  the  appli- 
cation of  wrought-iron  hoops.    Sci.  Am.  Supple.,  Jan.  1,  1887;  also  Engineer. 

,  The  Strength  of.     By  O.  Kruger.      Gives  general  formula  and  then  investigates 

a  special  case.     Van  Nos.  Eng.  Mag.,  Vol.  VIII.,  p.  171. 

Forces.  On  the  mutual  forces  acting  between  masses  of  matter,  with  application  to 
mechanical,  physical  and  chemical  phenomena.  By  M.  P.  Berthot.  Considers 
molecular  fores  as  well  as  forces  acting  at  finite  distances,  application  to  liquids 
and  gases,  capillarity,  chemical  phenomena,  etc.  Mem.  de  la  Soc.  des  Ing .  CivilSy 
Nov.,  1885,  pp.  588-626. 

Forest  Hills  Disaster.  A  full  discussion  of  the  Forest  Hills  disaster  from  an  engi- 
neering point  of  view,  with  plan  and  elevation  of  the  truss  of  the  bridge  and  view  of 
the  wreck.  A  full-page  view  of  the  structure  before  it  fell.  Engr.  Neivs,  March  19, 
1887;  see  also  R.  R.  Gaz.,  March  18,  1887. 

Forth  Bridge.    See  Triangulation. 

Forts.  Protection  of  Heavy  (funs  for  Coa.<it  Defense.  Extracts  from  an  article  by 
Capt.  G.  S.  Clarke,  R.  E.,  taken  from  the  Proceedings  of  the  Royal  ArHUery  Insti- 
tution, Woolwich,  February,  1887.  Proceedings  of  the  U.  S.  Naval  Institute  tor 
1887,  Vol.  XUI.,No.  2. 

Foundations,  Concrete.  By  .1.  E.  Blackwell.  Gives  specifications  for  and  cost  of 
concrete  foundations;  also  the  relative  strength  of  different  cements.  Sci.  Am.  Sup- 
ple., Oct.  8,  1887. 

Frames.  Note  on  the  Theory  of  Frames.  By  T.  Landsberg.  Calculation  of  secondary 
stresses  due  to  rigid  joints.  Zeitschrift  des  Arch.- u.  lag. -Vereins  zu  Hannover, 
1886,  ))p.  195-202. 
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Preezing-  Process  for  Excavating"  Soft  Material.  Paper  read  before  the  Society 
of  Arcs  of  the  Mass.  Institute  of  Technology,  by  Mr.  Charles  Sooysmith,  Proceed- 
ings  of  the  Society  of  Arts,  Mass.  Institute  of  Technology,  for  1885-1887. 

Priction.  A  paper  before  rhe  Institution  of  Naval  Architects,  treating  of  the  changes 
of  lead  in  the  surface  of  the  water  surrounding  a  vessel,  produced  by  the  action  of  a 
propeller  and  by  slcin  friction.    Engineer.  April  1,  1887. 

.    A  Series  of  Illustrated  Lectures.    By  Prof.  H.  S.  Hele-Shaw,  London.    Ver3- 

valuable  for  students,  as  well  as  manufacturers  and  engineers.  Jour.  Soc.  Arts, 
London,  Vol.  XXXLV.,  1886.  Republished  in  Sc.  Amer.  SupuL,  Dec.  18  and  25, 
1886,  et  seq. 

,  of  Non-condensing  Steam  Engines.    By  Prof.   R.   H.  Thurston,  Ithaca,  N.  Y.     A 

paper  describing  experiments  showing  that  the  friction  is  constant  at  different 
speeds  and  under  different  loads.  Read  at  the  meeting  of  the  American  Society  ot 
Mechanical  Engineers  held  in  New  York.  Jour  Frank 'Inst ,  December,  1886.  Re- 
printed in  R.  R.  and  Eng.  Jour.,  February,  1887.    See  Engines.  Steam. 

,  of  Hydraidic  Capped  Leather  Packing.     By  Theodore  Cooper.    Gives  details  of 

tests  made  during  the  construction  of  the  St.  Luuis  bridge  to  determine  the  friction 
of  the  packmg  in  the  hydraulic  testing  machine  to  oe  used  for  testing  the  material 
of  construction.     Trans.  Am.  Soc.  C  E.,  Vol.  XVI.,  p.  30. 

,  Journal.    By  W.  J.  M.  Rankine.  A  paper  treating  of  journal  friction  in  the  st  am 

engine.     Van  Nos.  Eng.  Mag.,  Vol.  VI.,  p.  379. 

,  Engiyie.    By  R.  A.  Buel.    A  very  valuable  paper,  giving  two   tables  of  friction 

data.    Am.  Engr.,  June  8  and  15,  1887. 

Recent  Researches  in,  and  the  Action  of    Lubricants.      By    Professor   Hele- 


Shaw.  A  general  review  of  the  knowledge  of  this  subject  in  1885.    Trans.  LiverpooX 
Eng.  Sjc.  Vol.  VI..  pp.  100-116. 
Freezing"  method  of  shaft  sinking.    Experiments  with  in  France.    Annates  des  P.  and 
C.  September,  1887. 

Fuel.  A  lecture  by  Dr.  Siemens  before  the  British  Association  at  Bradford.  Van  Nos. 
Eng.  Mag.,  Vo).  IX  .  p.  -168. 

.  A  Paper  before  the  Iron  and  Steel  Institute  on  the  theoretic  minimum  of  fuel  re- 
quired to  produce  one  ton  of  pig  iron.     Van  Nos.  Eng.  Mag..  Vol.  VII.,  p.  314. 

,  Ar-tificial.    A  brief  resume  of  the  different  processes  followed  in  the  production 


of  artificial  fuel.     Van  Nos.  Eng.  Mag.,  Vol.  IX.,  p.  81. 
— ,  Liquid.     Results  obtained  in  petroleum  firing  on  the  Central  Pacific  R.  R.  ferry 

boats.     Saving  effected  and  ratio  of  oil  to  coal  in  caloric  value.     Sci.  Am.    Supple., 

April  2,  1887. 
— ,  Liquid.    By  Percy  F.  Tarbutt,   A.M.I.  C.   E.    Paper  read  before   the  London 

Society  of  Engineers,  Nov.  1,  1886.     The  American  Engineer,  Numbers  of  Dec.  I 

and  Dec.  8. 
—  and  Smoke.    By  Oliver  Lodge.   Two  lectures  in  the  Royal  Institution.     A  treatise 

on  ventilation  and  combustion.    Sci.  Am.  Sitpple.,  March  19,  1887. 
— .    Powdered  Anthracite  and  (tos.    Abstract  of  the  Report  of  the  Board  of  Trade 

of  Scranton,  Pa.,  describing  the  successful  u^e  of  pulverized  coal  as  a  fuel,  resulting 

also  in  a  great  sa,ving  and  freedom  from  smoke.    Engr.  News,  Nov.  13,  1886. 
— .    Petroleum.     Treats   of  the  problem   of  burning  petroleum  on   locomotives. 


Gives  experience  in  Russia  and  on  the  Pennsylvania  road  in  this  country.  Sci. 
Amer.  Sup.,  Oct.  15,  1887. 

Furnace,  Blast.  Irregularities  of  the  Blast  Furnace  Process,  and  how  to  avoid  them. 
Paper  read  at  the  meeting  of  the  American  Institute  of  Mining  Engineer  s,  St.  Louis 
Oct. ,  1886.    Engineering  and  Mining  Journal,  Nov.  6,  1886. 

—Gas.  The  Mendheim  Continuous  Gas  Furnace  for  burning  fire-brick  and  por- 
celain. A  greatly  improved  device,  well  described  and  illustrated  by  Prof.  The 
Egleston,  in  Sch.  of  Mines  Quarterly,  Oct.,  1886. 

.    See  Siemens  Regenerative  Furnace. 

,  Improved  Gas  Heating.    Gives  estimate  of  the  quantity  of  fall  required  for  cast 

steel  with  the  Siemens  furnace,  and  the  process  of  partial  elimination  of  nitrogen 
of  M.  Ch.  Schintz,  of  Strasberg.     Van  Nos.  Eng.  Mag.,  Vol.  I ,  p.  328. 

Fui'naces,  Plate  Thickness  in.  Gives  a  diseussicn  of  the  limit  of  thickness  of  plate 
used  in  boiler  construction.    R.  R.  Gaz.,  Nov.  II,  1887. 
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Grarfield  Monument,  the  Foundations  of.    A  Paper  by  James  Ritchie  and  a  lengthy 
discussion.     Jour.  Assoc,  of  Engr.  Soc,  Vol.  "V.,  p.  410. 

Gas.    By  Henry  Gore.    Treats  of  the  substitutes  for  coal  in  the  production  of  illumi- 
nating gas.     Van  Nos.  Eng.  Mag.,  Vol.  IX.,  p.  321. 

,  Natural,  Composition  of.    Report  of  Piof .  Francis  C.  Phillips  for  the  Geological 

Survey  of  Penosjlvania,  from  advance  sheets  of  the  Annual  Report  of  the  Geo- 
logical Survey.  Journal  of  the  Franklin  Institute,  Oct.  and  Nov.,  18S7,  Vol. 
CXXIV.,  Nos.  742  and  743. 

,  Price  of..  Chart  showins  the  net  price  of  gas  in  seventy-nine  cities  of  the  United 


States  from  1873  to  1&H7,  inclusive.    Progressive  Age,  April,  1887. 

—  Companies  of  America.  Ky  Wm.  W.  Goodwin.  A  paper  before  the  annual  con- 
vention of  the  American  Gas  Light  Association.  Gives  statistics  of  the  industry  : 
price  of  gas  per  thousand  feet ;  amount  sold,  coal  used,  etc.  Sci.  Am.  Suppl.,  Feb. 
5,  1887. 

—  Engine,  The  New  Atkinson^ s.  Abstract  from  a  report  by  Prof.  Unwin  on  the  trial 
of  the  gas  engine  invented  by  Mr.  James  Atkinson.  The  te.<<ts  gave  a  consumption 
of  ~0  cu.  ft.  of  gas  per  hour  per  horsepower.    Engineer,  May  6  and  13,  1887. 

—  Engineering.  A  lecture  by  A.  Macpherson,  giving  a  review  of  the  last  improve- 
ments ic  gas  manufacturing.    Sci.  Jm.  Supple.,  July  9,  1887. 

—  Furnace.    See  Siemens  Regenerative. 

Holder  at  Eidberg.    An  illustrated  description  of  gas  holder,  having  a  diameter 

over  all  of  230  feet.   It  has  three  lifts,  each  40  feet  in  depth  and  195,  W7}4.  and  200 
feet  diameter.    Set.  Am.  Suppl.,  March  26,  1887. 

—  Illuminating,  Price  of.  Chart  showing  the  net  price  of  gas  in  100  cities  of  the 
United  States  from  1878  to  1887,  inclusive.  Progressive  Age  and  Water  Gas  Journal, 
March,  1887. 

—  Light.  The  Welsbach  Incandescent.  Gives  complete  specifications,  English 
patent  (A.  D.  1885,  No.  15,286),  for  the  manufacture  of  an  illuminating  appliance 
for  gas  and  other  burners.    Sci.  Am.  Suppl.,  Aug.  13, 1887. 

—  Mains,  The  Detection  of  Leaks  in.  By  Herr  Schmidt.  Description  of  apparatus 
used  and  result  obtained  in  Breslau.  Journal  f.  Gasbel.  u.  Wasserv.,  1886.  pp.  714- 
722,737-745. 

-,  Natural.    Natural  gas  wells  near  Pittsburgh.   American  Mamifacturer,  Nov.  12. 


1886. 

,  Natural,  Geologic  Distribution  in  the  United  States.    Abstract  of  a  paper  read 

at  the  St.  Louis  meeting  of  the  American  Institute  of  Mining  Engineers,  October. 
1886.  By  Charles  A.  Ashburner.  Geologist  Pennsylvania  Survey,  Philadelphia.  In 
Ihe  Engineering  and  Mining  Journal  of  Jan.  15,  22  and  29, 1887. 

,  Natural.    A  Monograph.    By  Charles  Paine.    The  Railroad  and  Engineering 

Journal,  January,  1887. 

Producers.    By  F.  J.  Rowan.    A  highly  valuable  and  instructive  paper  and  dis- 


cussion, of  over  100  pages,  on  the  production  of  gas  for  fuel  in  all  applications  of 
heat  in  the  arts.  This  is  what  will  doubtless  ultimately  be  done.  Many  illustrations. 
Proc.  Inst.  Civ.  Engr.,  Vol.  LXXXIV.,  p.  2. 

Gauging*.     By  George  H.  Mann.     Gives  methods  of  making  current  observations . 
Van  Nos.  Eng.  Mag.,  Vol.  VI.,  p.  532. 

of  Floods,  Rapid  Approximate.    By  C.  Ritter.*'  Gives  method  based  on  results 

obtained  from  large  number  of  experiments  with  current-meter.  Annales  des  Pouts 
et  Chausees,  Vol.  XII.,  p.  697;  also  Eng.  Netvs,  Aug.  6,  1887. 

of  Streams.    By  Clemens  Herschel.    With  especial  reference  to  the  units  to  be 

used  and  the  manner  of  portraying  the  results.  Plate.  Trans.  Am.  Soc.  Civ.  Engrs.. 
Vol.  Vn.  (1878),  p.  236.  By  David  M.  Green.  A  discussion  before  the  eighth  annual 
convention  of  the  American  Society  of  Civil  Engineers.  Trans.  Am.  Soc.  C.  E.. 
Vol.  v.,  p.  251. 

Gearing  for  Electric  Street  Cars.    See  Electric  Street  Cars. 

Geodetic  Survey  of  Massachusetts.    An  account  and  discussion  of  the  trigonometric 

and  other  methods  used  in  Borden's  '•ecent  survey.    By  Prof.  J.  Howard  Gore.  The 

Railroad  and  Engineering  Journal,  April,  1867. 
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Girders.    A  paper  by  Chas.  Bender  on   the  application  of    the  theory  of  contiauous 

girders   to  economy  'in   bridge  building,  with  discussion.     Trans.  Am.  Soc.  C-  -E., 

Vol.  V,  p.  146. 
and  Beams.    By  A.  B.  W.  Kennedy.    Second  lecture  at  Carpenters'  Hall,  London 

Wall.    A  scientific  and  practical  view  of  the  subject.     Sci.  Am.  Suppl.,  April  30. 

1887. 
and  Trtisses,  Strains  in  Straight.    By  E.  S.  Gould.     Van  Xos.  Eng.  Mag.,  Vol. 

VI.,  p.  19. 

Girder  Bracing,  stresses  on.  By  A.  C.  Elliot.  Treats  of  the  maximum  stresses  in  the 
bracing  of  large  railway  girders.    Engineering,  July  1,  1887. 

Governor,  The  Ball  Steam  Engine  Governor.  Account  of  some  recent  improvements  in 
making  a  steam  engine  governor  to  give  uniform  speed.  Consists  in  the  combina- 
tion of  an  auxiliary  spring  and  dash-pot  with  the  ordinary  shaft-governor.  From  a 
paper,  ty  Mr.  Frank  H.  Ball,  before  the  Society  of, Mechanical  Engineers  at  Philadel- 
phia.   Power,  December,  1887. 

Grades  and  Grade  Systems  of  Cities.  By  Barnabas  Schreiner.  Discusses  the  difficul- 
ties of  establishing  grades,  and  considers  the  points  to  be  attained  by  a  system  of 
street  grades.    Jour.  Assoc.  Eng.  Soc,  Vol.  VI.,  p.  130. 

,  The  Approximate  Value  of  a  Reduction  of  Biding  or  Maximum.    By  John  G. 

Clark.  Gives  a  method  of  obtaining  approximately  the  value  of  the  reduction  of 
ruling  or  maximum  grade  of  a  railroad  especially  for  .the  use  of  engineers  on  loca- 
tion. The  elements  considered  are  cost  of  repairs,  deterioration  and  locomotive 
power.     Trans.  Am.  Soc.  C.  E.,  Vol.  II.,  p.  399. 

,  ihe  Mountain,  of  the  St.Gothard  Eaihvay.  Gives  profiles  of  the  mountain  grades 

approaching  the  St.  Gothard  Tunnel.  The  two  grades  have  seven  spiral  tunnels 
turned  into  the  mountain  in  order  to  gam  length  of  line.  E)ig.  News,  April  16. 
1887. 

Grain  Elevators,  Construction  of  those  on  the  Can.  Pac,  Ey.  By  Stewart  Howard. 
Illustrated.     Trans.  Can.  Soc.  Civ.  Engrs.,  Vol.  I.,  p.  24, 1887. 

Graphics.  By  Wm,  Bell.  Contains  the  application  of  a  new  method  of  investigation 
to  the  stresses  in  ridges,  arches,  continuous  beams  and  curved  structures.  Van  No.''. 
Eng.  Mag.,  Vol.  Vlli.,  p.  193. 

Green-Houses.  Construction  of,  in  England,  Belgium  and  Holland,  Fully  illustrated. 
Zeitschrift  fiir  Bauwesen,  1887,  Pts.  I.  and  II. 

Gridiron  Sidings.  Edge  Hill,  Liverpool.  A  full  description,  with  plan,  of  the  grid- 
iron siding  of  the  London  &  Northwestern  R.  R.     R.  R,  Gazette,  April  15, 1887. 

Griswold's  Torpedo-boat.  An  account  of  the  remarkable  performance  of  a  model 
boat,  with  drawings  of  boat.  The  vessel  is  steered  electrically  without  any  connec- 
tion with  the  shore.  The  Electrician  and  Electrical  Engineer,  January,  1887.  See 
Torpedo  Boat. 

Gun.    See  Ordnance. 

Cotton,  Compressed  for  Military  Use,  with  special  reference  to  gun-cotton  shells. 

By  Max  V.  Forster,  Berlin.    Translated  by   J.  P.   Wisser,     Illustrated,     Van  Nos. 

Eng.  Mag.,  Nov.  and  Dec,  1886. 

Gunpowder,  The  Force  of.  By  Prof.  Dr.  Rudolph  Wagner.  A  Review  of  Berthelot's 
essay  on  gunpowder  and  other  explosives.     Van  Nos.  Eng.  Mag.,  Vol.  VII,,  p,  69. 

Gyroscope.  Anal y sis, of  Rotary  Motion  a.s  applied  to  the  Gyroscope.  By  Maj.  J.  G. 
Barnard.  Probably  the  most  rational  and  satisfactory  demonstration  of  this  prob- 
lem given  in  the  English  language.  The  descent  of  the  rotating  body  allowed  for, 
its  axis  moving  In  cycloidal  curves.    Illustrated.     Van  Nos.  Eng.  Mag.,  Dec,  1886. 

Hammer,  Gas.  A  practical,  economical,  and  convenient  forging  hammer,  operated 
by  hand,  the  motive  power  being  gas  explosions.  One  cubic  foot  of  gas  gives  300 
blows  of  313  foot-pounds  each.  Fully  illustrated.  Frova  The  Engineer  iu  Sc.  Am. 
Snpjyl..  Nov.  6,  1886. 
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Harbor  of  Havrt.  By  M.  de  Coene.  Discusses  the  region  of  the  estuarj-,  and  tbe  pro- 
jects for  the  improvement  of  the  port.  Mem.  de  lasor.  des  Ing.  Cit77s.,  April, 
1886.  pp.  343-408.  Discussion  in  the  May  number,  pp.  493-514,  and  in  the  June 
number,  pp  .o92-604.  A  further  article  bj-  M.  Le  Brun,  pp.  G18-658.  These  articles 
form  a  very  interesting  discussion  of  the  sui>,iect. 

,   Projected,  Lisboii.    Description  of  the  proposed  improvement  of  Lisbon  Harbor 

adopted  by  the  Portuguese  jfovei'nment,  involvio.!?  tbe  construction  of  37,016  feet  of 
quay,  and  basins  of  I'iO  acres  in  area.  Estimated  cost,  $12,000,000.  Enyineeriny, 
March  4,  1887. 

.  Moudros:    Historical  sketch  oi  its  construction,  destruction   and   reconstruction. 

Indian  Engineering,  March  7,  12,  etc.,  1887. 

of  Quebec,  Improvemtnts.    By  J.  Vincent  Browne.  Includes  an  outer  tidal  harbor, 

nearly  inclosed,  and  an  inclosed  iunet  "web  dock.""  Fully  illustrated  by  many 
plates.     Trans.  Am.  Soc.  Civ.  Engrs.,  Vol.  IX.  (1889j,  p.  435-462. 

.,  T lie  Fishing  Boot,  of  Fr a zcrbvigli,  Saadhaven  and  Portsay,  on   the  Northeast 

Coast  of  Scotlaud.  By  John  Willet.  Gives  details  of  the  construction  of  the  above 
harbors  for  the  herrins;  fishing:  tl'^els  durinje-  the  past  few  years.  Proc.  Inst,  of  C.  E., 
Vol.  LXXXVIl.,  p.  123. 

•  Improvement,  Nantuck^i .    A  discussion  of  the  work  by  Prof.  L.  M.  Haupt.    Eng. 

Nev-s,  April  16,  1887. 

Impro cement  nt  Newhaven,  SnsS'-x.    B3'  A  .  E.  Carey.    Gives  history  of  the  early 

work  at  the  harbor,  and  then  gives  details  of  the  recent  completed  project.  Proc. 
Inst,  of  C.  E.,  Vol.  LXXXVIl.,  p.  92. 

.  Wicklow.   By  G  W.  Strype.   Gives  an  account  of  the  improvement  of  the  harbor 

by  the  construction  of  a  sea  wall  of  concrete  in  an  exposed  positi-^n.  Proc.  List,  of 
C.  A\,  Vol.LX. 


—  Improvements.  Principles  of.  as  applied  as  applied  at  Wilmmeton,  Cal.  By 
Clinton  B  Sears.  Illustrated.  Trans.  Jm.  .Soc.  Civ.  Engrs.,  Yol  V .  aii76),-fi- 
388-426. 

—  of  Refuge,  at  Nantucket,  Ma^s.  Abstracted  from  report  of  Lt.-Col,  G.  H.  Elliot, 
U.  S.  En^rs.    Engr.  News,  Jan.  8,  1887. 

—  and  River  Irnnrovements.  By  Prof.  L.  M.  Haupt.  A  supplemental  paper  to 
"  Harbor  Studies,"' treating  of  the  equilibrium  and  stability  of  tbe  floating  current 
deflectors  aesigaedfor  river  and  harbor  improvement.  Proc.  Eng.  Club  of  Phil., 
Vol.  VI..  p.  69. 

—  Work.  A  review  of  a  number  of  papers  before  the  British  Inst,  of  C.  E.,  on  the 
use  of  concrete  in  harbor  work.  Interesting  details  as  to  cost  and  methods  of  con- 
struction.   Set.  Am.  Supple.,  Jan.  1,  1887. 

— .  A t>stract  from  specification  for  th*^  construction  of  a  screw  pile  wharf  at  Kai- 
rachee.  India.     Details  Illustrated.    Engineer.  Jan.  21,  1887. 

—  in  Algoa  Bay.  Bv  Wm.  Sliields.  Gives  details  of  the  scheme  of  improvement 
and  its  successful  completion.  Proc.  Inst,  of  C.  E..No\.  LXXXVIII.,  p.  359:  also 
Engiueer,  April  29,  1887. 

— ,  Lowestoft.      By  A.  A.  Langley.    Gives  detai's  of  the  work  undertaken  by  the 


Great  Kastern  Railway  Compan>'  for  extending  their  harbor  at  Lowestoft.    Proc. 

Inst,  of  C.  E.,  Vol.  LXXVII.,  p.  134. 
— ,  Colombo,  Ceylon.     By  John  Kyle.      A  full  description  of  the  work;  including 

preliminary  work,  rock  work,  oreak-waier.  etc..   with  plates.    Indian  Eng.,  March 

19  and  26, 1887. 
— .    Improvement  of  Entrance   to   Galveston   Harbor,  Texas.    A  description  of  the 

works  in  their  early  stages,  by  Chas.  W.  Howell.      lilustrated.      Trans.  Am.  Soc.  C. 

E.,  Vol.  VI.  (1877),  p.  323-230. 

Tlie  Improvement  of  the  south  Boston   Flats.     By  Ed.  S.  Philbrick.    Avery 


good  description  of  dock  wall  construction,  and  the  raising  of  flats  subject  to  .hood- 
ing at  high   water.     Illustrated  by  sis  large  plates.     Trans.  Am.  Soc.  Civ.  Engrs., 
Vol.  VII,  1878,  p.  17-52. 
Head-Grate.     The  Roller-Curtain  Pattern.    Illustrated.    Eng.  News,  Dec.  11,  1886. 
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UGalth.,  Climate  in  Relation  to.  By  G.  V .  Poore.  Three  lectures  before  the  Society 
of  Arts,  London .  Treats  of  the  composition  of  the  air,  its  moisture  and  the  effect 
on  the  health;  floating:  matter  in  the  air,  and  the  diseases  caused  thereby,  Sci.  Am. 
Slip.,  May  7,  14.  22,  28,  1887. 

,  in  Cities,  Condition  of.    A  contribution  to  the  Report  of  the  State  Board  of 

Health  of  Wisconsin  for  1886.    Reprinted  in  Building.  July  23  and  30,  3887. 

Heat,  Mechanical  Equivalent  of.  By  E.  A.  Cowper  and  W.  Anderson,  before  the  Man- 
chester Meeting  of  the  Association  for  the  Advancement  of  Science.  Gives  details 
and  resuUs  of  experiments  made  on  a  large  scale.  The  results  differ  considerably 
from  those  of  Prof.  Joule.    Am.  Eng.,  Oct.  5, 1887. 

Heat,  Mechanical  Equivalent  of.  By  E.  A.  Cowper  and  W.  Anderson.  A  paper  before 
the  British  Association,  giving  accounts  of  experiments  on  a  large  scale,  apparatus 
and  results  attained.    Sci.  Am.  Snp.,  Oct.  15,  1887. 

.    Note  by  Prof.   R.   H.   Thurston,  relating  lo  Rumford's  determination  of  the 

mechanical  equivalent  of  heat.  Wants  more  credit  for  Count  Rumford  than  is  usu- 
ally given  him.     Trans.  Am.  Soc.  C.  E.,  Vol.  II.,  p.  289. 

Heating.  An  illustrated  article  on  the  heating  and  ventilation  of  the  State.  War  and 
Naval  Department  Building,  Washington.  D.  C,  by  means  of  hot  water.  The  build- 
ing is  .)UOx27o  feet.  The  method  is  direct-indirect  radiation  in  the  basement  and 
first  floor,  and  indirect  radiation  for  the  remainder  of  the  building.  San..  Engr.,  Jan. 
23,  1887. 

Heating- and  Ventilation.  Compiled  from  the  repr rt  of  Albion  C.  Stimers  on  the 
ventilation  of  the  H  ill  of  the  U.  S.  House  of  Representatives.  Va-.i  Nos.  Eng.  Mag.. 
Vol.  l.,p.  313. 

Heating"  Cars.  The  (:i old  System.  Water  in  radiators  is  heated  by  steam  from  the 
boiler  on  down  grades,  the  water  acting  as  a  temporary  storage.  Illustrated.  Sci. 
Am.  Sup.,  Dec.  4, 1886. 

.    By  C.  P.  Kerr.    Treats  oT  the  two-fold  continuous  or  independent  method.    Sri. 

Am.  Sup..,  June  4, 1887. 

,  of  Dwelling  Houses.    By  F.  E.  Kidder.    Discusses  the  heating  and  ventilation  of 

low  and  medium  cost  houses  by  the  different  methods,  and  gives  estimates  of  cost. 
Building,  Feb.  5.  1887. 

.    See  Railway  Cars.    See  Ventilation. 

,    By  C.  P.  Kerr.     Treats  of  the  amount  of  heat  required  for  heaung  the  air  and 

to  supply  waste;  mathematical  treatment  of  the  steam  supply  question.  Illustrated. 
Sci.  Am.  Suj).,  April  9, 1887. 

Heliography.  The  Black  Process.  Black  lines  on  a  white  ground.  Methods  and 
■  jojixtures  given.  Engr.  News.  Dec.  So,  1886.  See  Black  Process  and  Copying 
Drawings. 

Hoisting  Machinery.  Brief  description,  with  general  view,  plan  and  elevation  of  the 
hoisting  machinery  used  in  the  erection  of  the  tower  of  the  new  public  buildings  iu 
Philadelphia,  Pa.    Eng.  News,  July  9. 1887. 

House-Drainage  Regulations  at  Haverhill,  Mass.  Gives  text  of  the  ordinance 
recently  drawn  up  by  the  Board  of  Health  to  regulate  the  character  of  the  plumbing 
work.    San.  Engr.,  July  30, 1887. 

and  Sanitary  Plnmhing.  By  Wm.  P.  Gerhard.    A  good  article,  in  which  is  clearly 

given  the  objects  to  be  accomplished,  and  describes  the  most  approved  mechanical 
appliance.      Van  Nos.  Eng.  Mag.,  Vol.  XXVII.,  pp.  265,  393  and  461. 

— .     A  paper  by  T.  M.  Reade,  before  the  Liverpool  Arch.  Soc,  telling  how  to  drain 

a  house,  and  gives  details  of  thedriioage  of  a  villa.  Van  Nos.  Eng.  Mag.,  Voi. 
XVI.,  p.  233. 

.  By  Gen.  T.  C.Cotton.  Tries  to  give  such  a  resume  of  what  has  been  deter- 
mined in  sanitary  science  as  will  be  a  useful  and  safe  guide  to  those  interested  in 
pure  air.     Van  Nos.  Eng.  Mag.,  Vol.  XVI.,  p.  113. 

House  Drains  and  Traps.  By  J.  Honeyman.  A  paper  before  the  Sanitary  Institute 
of  Great  Britain.     Eng.  News,  Oct.  29,  1887. 
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Hot  Blast,  Tlieori/  of.  By  Lowthian  Bell.  Von  Nofi.  Eag.  Mag.,  Vol.  VI.,  p.  54o  and 
6.31 . 

Hoists  Operated  bij  Covipressed  Air,  adapted  to  warehouse  purposes.  A  description 
of  such  :in  installation  m  Liverpool.  Trans.  Liverpool  En g.  Soc.,Yol.  VI.,  pp. 
92-99 

Hudson  Baj'  Railway.  Description  of  the  road  now  building  from  Winnipeg  to 
Hudson  Bay,  with  maps.     Enqr.  Neiv).  Dec.  18.  188(5. 

Hydraulic  Buffers.  By  Col.  H.  Clerk.  Gives  details  of  experiments  made  with 
hydraulic  buffers  to  check  recoil  uf  guns,  etc.     Van  Nos.  Eng.  Mag.,  Vol.  I.,  p.  934 

Hydraulic  Motion.  By  !^amuel  Mc^'lroy.  The  object  of  the  paper  is  to  discuss  the 
^»  neral  princir)les  of  hydraulic  motion,  as  furnishing  the  true  guide  to  experimeats 
and  formulas.    Joxir.  Assoc.  Engr.  So<\,  Vol.  VI.,  p.  424. 

Hydraulic  'Power,  Eerent  Progrr.s.^  in  th^  Supply  of .  A  paper  by  E.  B.  Ellirgton, 
giving  descriptiou  of  the  plant  in  London,  and  its  work  and  efficiency.  Illustrated. 
Trans.  Liverpool  Eng  in  g.  Soc  ,  Vol.  VI.,  pp.  11  34. 

Hydraulics,  as  an  Exact  Science.  By  H.  Hememan.  Examines  the  present  condition 
hydraulics.     Van  Nos.  Eag.  Mag.,  Vol.  VI  ,  p.  198. 

.  Exptriinents  with  Large  Apertures.  One  of  the  most  valuable  series  of  experi- 
ments ever  made  in  orifices  as  large  as  two  feet  square.  By  Theo.  G.  Ellis.  Illus- 
trated. Received  the  Norman  Medal.  Tra/n.s.  Am.  Sac' Civ.  Engrs..Yo\.  V.  (1876), 
p.  19-101. 

.    Floic  of  Water  in  Open  Canats.     Trans,  from  Sonnet's  "  Dictionaire  de  Mathe- 

matiquees  Appliqiiees."     Van  Nos  Eag.  Mag..  Vo'.  Vllf.,  p.  i . 

Gravil  Elevator.    Iliust;rated  description  of  a  new  application  of  the  j.^t  pricci- 

ple  in  mining.    Engr.  News,  Jan.  1,  1S87. 

Lifts  user?  at  the  Mersey  Tunnel.     Designed  for  lifting   100   passengers  at  once 

iOO  feet  in  elevation.  Illustrated.  By  Wm..  Edmund  Rich,  one  of  the  engineers. 
Froa.  Liit.  Civil  E.cjr.,  Vol.  LXXXVl..  p.  GJ:  also,  San.  Engr  .  New  York,  Oct.  m, 
1886. 

.  Motion  of  Water  in  Rivers  and  Canals.  By  A  Hill.  Treats  of  average  veloc- 
ities, uniform  motion  in  cinals  and  unequal  motion  in  n7er<.  ran  Nos.  Eng.  Mag., 
Vo).  IIL,  p.  118. 

Ram.    Gives  proportion?  for  hydraulic  rams  that  have  been   found  to  work  well 

in  pjjactice.    Condensed  from  Am.  Artisan,  m  Van  Nos.  Eng.  Mag..  Vol.  I.,  p.  48. 

.    Uniform  Motion  of  Water  in  Canals  and  Rivers    Abstract  from  a  review  of  the 

motion  of  water.    By  M.  GanguiHet.     Van  Nos  Eng.  Mag.,Yol.U.,  p  211. 

.     On  Waves  of  Translation   that  emanate  from  a  submerged   orifice,   together 


with  an  examination  of  the  proposed  Baie  Verte  Canal,  connecting  the  Bay  of  Fun- 
dy  with  the  St.  L^wrenc.-.  A  mathematical  discussion  of  experiments  on  a  large 
scale.  By  Clemens  HeiScViel.  Trans.  Am.  Soc.  Civ.  Engrs..  Vol.  IV  (IS^.i),  p.  18.5- 
200. 

Hydraulics,  Rf-.searches  on  the  Oscill  iHons  of  Water  and  on  various  hydraulic  appli- 
ances. Two  volumes,  in  French,  by  Le  Jiis  Anatole  de  Caligny.  containing  manr 
ongical  memorials  contributed  to  various  scientific  societies  since  1837.  968 
piges  and  eight  large  plates.  A  valuable  addition  to  hydraulic  science.  Palis, 
1S8:^. 

JHydrodynamic  Formulae .    Snows  the  discrepancies  obtainpu  by  using  several  for- 
mu1{e  to  compute  discharges  on  different  size  streams.     Van  Nos    Eng.  Mag  ,\o\ 
IX.p    .318. 

HydrographicSurveying-.  By  Lawrerce  Bradford.  Gives  methods  employed  in  his 
own  practice,  describes  water  gauges,  floats  and  sounding  irons,  and  discusses  the 
use  of  the  sextant.  'Jour.  Assoc,  of  Eng.  .S'oc,  Jan.,  1887;  also,  Sd.  Am.  Supple., 
April  21, 1887. 

Hydrophone.  A  description  of  an  apparatus  for  detecting  leaks  in  water  mains  by 
micronhony.    Illustrated.    Sci.  Am.  Supple..  Ap'il  IP.  1887. 
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Hydrostatic  Pressures  in  a  ma'^s  of  earth,  saturated  with  water.  By  L.  Brennecke. 
lateresting  diseussioa  of  the  pressures  to  be  assumed  in  proportioning:  inverts  of 
lock  chambers,  beds  of  beton,  and  similar  structures  exposed  to  an  upward  pressure 
in  saturated  earth.  The  writer,  who  is  the  author  of  the  recent  excellent  work  on 
Foundations  (Der  Grundbau,  Berlin,  1887),  endeavors  to  determine  how  this  pressure 
depends  upon  the  character  of  the  soil,  and  gives  the  results  of  his  experiments  on 
the  subjtct.  He  ccnsi.Jers  it  unnecessary  to  assume  tlie  full  hydrostatic  head. 
Zeitschr.  f.  Bauwesen,  1886,  pp.  102,  328. 

Hypsometry.  By  Prof.  I.  O.  Baker.  A  valuable  paper  on  leveling  by  all  the  practic- 
able methods.  Illustrated.  Van  Nos.  Eng.  Maq.,Yo\.  XXXV.,  pp.  413  an.i  457, 
November  and  December,  ISS6. 

Ice,  Anchor  or '"'' Frazil.""  A  paper  by  Geo.  H  Hen^haw,  with  discussion,  coveriog  23^ 
pp.  Its  cause  and  action  in  stopping  river  channels,  etc.  Trans.  Can.  Soc  Civ. 
Etigrs.,  Vol.  I.  (1887),  p.  1. 

Incandescent  Lamps,  Their  Ui^e  and  Ma  nv.  fa  dure.  By  Gen.  C.  K.  Webber,  R.E  , 
C.B.  A  very  complete  paper,  describing  in  detail  the  nieihocs  of  mauufactui-e.. 
Jjur.  Soc.  Arts,  London,  Dec.  10,  1886. 

on  Arc  Circuits.    iSee  Electric  Lighting. 

Inclined  Plane  Railroad  at  Madison,  Jnd.  By  M.  J.  Becker.  -^An  illustrated 
description  of  this  road,  which  is  7.000  feet;  Jong,  on  a giade  of  1  in  17.  The  road 
has  been  in  operation  sofre  40  years.  Trans.  Am.  Soc.  Civ.  Eng.,  Vol.  VII.  (1878)» 
p.  6S-77.    DiscufcSion,  p.  216. 

Indicator.  Practical  directions  for  applying  and  takicg  care  of  the  instrument.  Van 
Nos.  Eng.  Mag.,  Vol.  I.,  p.  412. 

Injector,  Exhaust.  An  explanation  of  the  action  of  an  exhaust  injector.  Am.  Mach. 
October,  1887.    R.  B.  Gaz.,  Nov.  4,  1887. 

Injectors.  By  P.  H.  Rosenkranz.  drives  a  brief  account  of  the  development  cf  the 
Gilford  injector,  as  well  as  a  description  of  the  orhtr  best  known  injectors.  Van 
Nos.  Eng.  Mag.,  Vol.  Vllt.,  p.  71." 

.     By  A.  Winkler.    Gives  the  mathematical  theory  of  the  injector.    Van  Nos.  Eng. 

Jfag,  Vol.  I  v.,  p.  352. 

,  Efficiency  of  as  compared  with  Steam  Puvips .  By  D.  S.  Jacobus.  A  mathe- 
matical treatment  cf  the  subject.    Am.  Egr.,  Aug.  31,  18S7. 

Institution  of  Civil  Engineers,  Its  History.  A  very  satisfactory  account  of  the 
origin,  changes,  progress,  classes  of  members,  distinguishing  features,  etc..  of  this 
famous  body.  Tbe  accouut  is  of  especial  interest  to  th~>se  interested  in  engitieering 
society  relations  in  Araeiica.    Proc.  Inst.  Civ.  Engrs.,  Vol.  LXXXVI.,  p.  1.53. 

Iron.  Reduction  of  Ores  of .  A  good  paper  before  the  Iron  and  Steel  Institute  by  Sir 
Lowthian  Bell.  Treats  of  the  reduction  of  the  ores  of  Lonin  ihe  blast  furnace,  with 
discussion.    Engineering,  Sept.  23,  3  887, 

,  Crushing  Strength  of  American.      By  T.    C.   Clarke.    Gives  details  of  results 

attained  from  experimenc  made  to  find  absolute  crushing  s-trength  of  Phoenix 
iron.  Also  di.scugsion  of  the  mercurial  gauge.  Trans.  Am.  Soc.  of  C.  E.,  Vul.  II » 
p.  220. 

,  Tests  ofBridce.     By  J.  D,  Steel.    Gives  results  obtdined  by  testing  full-sized 

bridge  members.     Discussed.     Trans.  Am.  Soc.  C.  E  .  Vol.  II..  p.  223, 

,  History  of  Decarbonizing.     Gives  abstracts  of  the  abridgements  of  the  speciflca- 

tious  relating  to  the  manufacture  of  iron  and  steel  in  the  department  of  decarburiz- 
ing  and  purifying  crude  iron  so  as  to  make  it  malleable  and  tenacious.  Van  Nos. 
Eng.  Mag.,  Vol.  I.,  p.  193,  358,  etc. 

,  Mechanical  Properties  of  Pure.    A  paper  by  President  Adams,  before  the  Iron 

and  Steel  Institute,  in  regard  to  a  standard  base  for  s^tructural  steel.  Am.  Engr., 
July  6,  1887. 

,  On  the  Molecular  Changes  Prodticed  in,  by  Variations  of  Temperature.      By 

Prof.  R.  H.  Thurston.     Van  Nos.  Eng.  Mag.,  Vol.  IX.,  pp.  169  and  273. 

Resistance  of,  to  Strains.     Gives  brief  summary  of  the  behavior  of  iron  under 


strains.     Van  Nos.  Eng.  Mag.,  Vol.  IX..  p.  113. 
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Iron  Fo^inding,  Practical.  By  J.  E.  Crane  and  J.  E.  Speck.  Treats  of  the  apparatus 
and  tools  for  molding:,  green  sand  and  its  treatment,  etc.  Am.  Euyr.,  April  6  and 
20,  1887. 

Founding,  Scientifi:.  By  Thomas  Turner.  Paiier  i-ead  before  the  South  Stafford- 
shite  Inst,  of  Iron  and  Steel  Managers,  Dudley,  March  19,  1887.  Object  of  the  paper 
is  to  examine  the  material  with  w  hich  the  ironfounder  has  to  do  and  consider  those 
chemical  an  I  mechanical  characters  which  affect  it.  A  Kood  paper.  Engineering, 
April  1.  1887.    Pract.  Engr.,  April  8,  e^c,  1887. 

Hull  for  Western  River  Steamboats.    By  Theodore  Allen.     Gives  brief  hisfory  of 

the  development  of  iron  boat  building,  and  gives  comparison  of  the  cost  and   carry- 
ing capacity  of  a  boat  built  of  wood  and  one  of  iron.     Trans.  Am,.  Soc.  C.  E.,  Vol. 
p.  •■271. 

,  Durability  of  for  Engineering  Structures.    By  G.  J.  C.  Dawson.   A  paper  before 

the  Civil  and  Mechanical  Engineermg  Society,  treating  of  the  durabihty  of  cast  and 
wrought  iron  structures.     Van  JSos.  Eng .  Mag.,  Vol.  V.,  p.  320. 

and  Steel  Analysis.     By  J.  J.   Morgan.      Gives  directions  for  the  pstimation  of 

graphite,  silicoo,  sulphur,  mauganese,  pho.sphorus  and  carbon.  <S'ci.  Am.  Sup.,  July 
23,  1887. 

.  and  Steel.    Review  of  the  memoir  of  M.  Considers.    By  M.  A.  Berton.    (Contains 


a  bri^f  summary  of  the  interesting  paper  of  M.  Consid6re.)   Mem.  de  la  Soc.  des  Eng, 
Civils,  March,  1886,  pp.  262--J86. 
and  Steel.  Increase  in  Elastic  Limit  due  to  high  strains  intension  and  cross-break- 
ing and  tne  practical  value  of  such  increase.    By  R.  H.  Thurston.  Tr.  Am.  Soc.  Civ. 
Engr.,Vol.  IX., -p.  17 o-l^o. 

and  Steel,  Qualities  of.    By  Wm.  Metcalf.     Trans.  Am.   Soc.  C.  E.,  Vol.   V.,  p 

323. 

and  Steel,  Shearing  and  Torsional  Strengh  of.     See  Sheaiing  Strength.    See 

Tests. 

and  Steel.  Classification  of.    An  excellent  cla-sification  and  definition   of  the 

terms  "■  iron  "  and  "  steel  "  and  their  varieties,  given  by  William  Kent,  in  1883.  in 
his  expert  testimony  in  a  patent  case.  The  Railroad  and  Engineering  Journal, 
April,  1887. 

and  Steel,  Some  J^iotes  on  the   Working  Stress  of.    By  Benj.  Baker,  before  the 

American  Society  of  3Iechanical  Engineers.  R.  R.  Gaz.,  Feb.  18,  1887  ;  also  Engi- 
neer, Jan.  21,  1887, 

and  Steel,  and  the  Mitis  Process.     Presented  to  the  tJ.  S.  Naval  Institute,  May  11, 


1887,  by  W.  F.  Durfee,  M.  E.  Proposes,  among  ether  things,  the  construction  of 
cannon  with  mitis  iron  or  steel  by  the  Rodman  process  of  casting.  Proc.  U.  S.  Naval 
Inst.,  Vol.  XIII.,  No.  3. 

and  Steel,  Effect  of  Temperature  on.     By  Joseph  Ramsey.     Discusses  the  effect 

of  low  temperatures  on  structural  iron  and  steel.    San.  Engr.,  Oct.  29. 

Irrigration.  By  E.  B.  Dorsey.  A  valuable  paper.  Treats  of  the  duty  of  water,  yield 
of  water  from  water-shedp.  storage  .reservoirs,  evaporation  and  seepage,  yield  of 
irrigated  laud,  distribution  of  water,  etc  Discussed  by  a  large  number  of  engi- 
neers.      Trans.  Am.  Soc.  Civ.  Engrs.,  Vol.  XVI..  p.  102. 

In  Colorado,  as  seen  by  the  American  Society  of  Civil  Engineer'?.    Illustrated. 

San.  Engr.,  Aug.  5,  1886. 

in  Egypt.  An  abstract  from  a  paper  before  the  French  Society  of  Civil  Engi- 
neers Gives  illustrated  description  of  the  large  centrifugal  pumps  being  erected  to 
carry  out  the  programme  of  irrigating  the  Bihara  district.  Engineering,  Jan. 
28,  1887. 

in  Egypt.    An  illustrated  series  of  articles  describing  works  constructed  in  Egypt. 


Engineer,  Jan.  21,  etc.;  also  Proc.  Inst.  Civ.  Engrs.,  Vol.  XC,  pp.  240-247. 
.    The  Third  Biennial  Report  of  the  State  Engineer  of  Colorado  tor 'iSSo^lS^^Q. 

Contains  detailed  reports  of  the  water  districts  ;  conditions  ot  the  irrigation  sj  stem 

of  the  State,  and  recommendations  of  the  State  Engmeer,  Mr.  E.  S.  Nettleton. 
Jet  Propellers,   Efficiency  of.    By  Cavaliere  E.  Brin.     Van  Nos.  Eng.  Mag.,  Vol.  IV., 

p.  641. 
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Jetties  at  South  Pass,  M/.s«.  Eiv.  Notes  on  the  consolidation  and  durability  of  the 
work,  with  a  description  of  the  concrete  blocks  and  other  constructions  to  secure 
permanence.  B.r  Max  E.  Schmidt.  Fully  illustrated.  Trans.  Am.  Soc.  Civ.  Engrs., 
Vol.   VIII..  189. 

,Miss.  Riv.     By  E.  L.   Corthell.    With   discussion.     A    gjeneial  account   of  the 

mechods  used  in  construction  and  early  results.  Many  large  plate^i  Trans.  Am. 
,Soc.Civ.Enqrs.,Yol.\ll.   (1878),  p.  lU-168. 

.     Ten  Years''  Prartical  Teaching  in  River  Hydraulics.    Discussion  of    a   former 

paper  on  this  subject  by  E.  L.  Corthell,  with  direct  application  to  the  problem  at 
Gilveston  Harbor.  Discussion  by  Messrs.  Merrill.  Whittemore.  Comstock,  Boiler, 
Post,  Nirth,  M  ;Miith.  Savage,  Chanute,  Bixby,  Le  Baron,  Gillmore,  Corthell  and 
Eads.  The  whole  occupies  over  100  pp.  in  Trans.  Am.  Soc.  Civ.  Engrs.,  April,  1886, 
Vol.  X^^,  p.  223. 

Xandslide  on  the  Hudson  River  R.  R.  Slide  covered  four  tracks  with  a  depth  of  from 
2  to  8  feet  for  a  distance  of  150  feet.     View  and  profile  in  Eng.  News,  April  23,  1887. 

on  Boston  dt  Maine  R.  R.    By  Ed.  S.  Philbrick.    Gives  details  of  a  landslide  on 

the  Boston  &  Maine  B.  R.,  near  Dover  Station.  Contains  details  of  the  construction 
of  the  bridge  abutments  and  bluffs.    Jour.  Assoc.  Engr.  Soc,  Vol.  VI.,  p.  403. 

Xatitud.es  and  Longitudes  by  Horizontal  Telescopes.  By  Frof .  J.  N.  Stockwell.  Pro- 
poses a  new  instrument  called  the  horizontal  telescope,  for  determininf  the  differ- 
■ences  of  latitude  and  longitude.    Jour.  Assoc.  Engr.  Soc,  Vol.  VI,  p.  408 

Xiatimer  Safety-Guard  for  Bridg-es.  Specification  forming  part  of  the  !etters 
patent  for  the  abi)ve  may  be  found  in  Eng.  Nerrs,  May  7,  1887. 

Leaks  in  "Water  Mains,  Detection  of.    See  Water  Mains. 

lievees,  as  a  System  for  Reclaiming  Loiv  Lands.    By  Geo.  W.  R.  Bay  lev.     A  g- neral 

review  oi'  their  effects  on  European  rivers,  and  its   application   to  the  Miss.  Kiv„ 

Trans.  Am    Soc.  Civ.  Engrs. ,Yol.  V.  (1876),  p.  115  146.     Discussion,  p.  209-:!lb". 
Iievels,  Errors  m   Railroad.    By   Howard  V.  Hinckley.     Give?  tables  of  checks  at 

various  places,  also  a  table  of  tide  checks.     Trans.  Am.  Soc.  C.  E.,  December,  J  886. 
Leveling-.    Hand  instruments  for  leveling  and  measuring  vertical  angles.     By  Prof. 

Jordan.    Description  of  various  German  instruments,  and  results  of  tests.    Zettsrh, 

fiir  Ve?inessungswesen,  i887,  pp.  2-13. 

Level-Vials,  L-regnlarities  in.     Shown  to  be  due  to  excrescent  formations,  ir. soluble 

in  alcoho  ,  formed  on  the  side  of  the  tube.    Abstr.  Inst.  C'lV.  Engrs  ,  Vol  XC,  p. 

459. 
Liberty,  Statue  of,  Plans  and  Elevation,  with  a  general  description,  dimensions,  etc. 

Engr.  News,  Nov.  20,  1886. 
Ligrlit,  Velocity  of.    By  Prof.  A.  A.  Michelson.    Treats  of  the  velocity  of  light  in  air  and 

refracting  media.    Jour.  Assoc.  Eng.  Soc,  Dec,  1886. 

Lig-lit-House  construction  on  sand  foundation  in  14  feet  of  water  off  the  Delaware 
coast.  Wooden  pneumatic  caisson,  with  concrete  monolithic  pier  encased  in  iron. 
An.  Rep.  Light-House  Board,  1886. 

Electric,  of  Macquarie  and  of  Tino.    Paper  read  before  the  Instiiution  of  Civil 

Engineers,  London,  Eng.,Dec.  7,  1886,  by  John  Hopkinson,  M,  A.,  D.  Sc,  K.  R  S..etc 
Full  description,  illustrated,  with  discussion  of  advantages,  etc.  Electrician  and 
Electrical  Engineer,  April,  1887.     Proc.  of  List,  of  C.  E.,  Vol.  LXXXVII..  p.  243. 

Engineering,  as  displayed  at  the  Centennial  Exhibition.    By  J.  G.  Barnard.    I  Uis 

trates  quite  fully  this  branch  of  engineeriog  as  now  practiced  in  the  U.  S.  Twelve 
full-page  plates.     Trans.  Am..  Soc.  Civ.  Engrs.,  Vol.  VIII.,  pp.  55-94. 

Foundations  of  Piles.    See  Foundations. 

Illumination.    Comparative  experiments  on  gas,  oil  and  electric  iight.     By   Dr. 


H  Kruss.    Journal,  f.  Gasbel.u.  Wasserv.,  1886,  pp.  799-805. 
Lighting  of  Railroad  Trains.    Treats  of  lighting  ears  by  electricity,  first,  by  batteries; 
second  by  dynamo  machines,  with  costs  of  the  same.    R.R.Gaz,  April  15,1887. 
A  full  discussion  of  the  subject  by  the  members  of  the  New  England  Railroad  Club. 
R.  jSL  Oaz.^  April  22,  18«7. 
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liig-iitning  Corduotois.  Gives  some  of  the  most  important  directions  fnr  t'oe  erectioD 
of  liglitning  conaucrors,  drawn  from  the  joint  report  of  t^\e  English  Lightning  Rod 
Conference.     Building,  April  'J,  1887. 

and  Lightning  Conductors,    By  W.   H.  Pre" ce.  before  the  Soc.  of  Tel.  Engrs, 

Treats  of  atmospheric  electricity,  its  effects  and  methods  of  protection.     Van  Nos. 
Eng.  Mag  ,  Vol.  VIII.,  p.  147. 

Liquid  Fuel.  DorsetVs  System.  Gives  result  of  experiments  on  the  steamer  "Re- 
tr.ever.""    .Fan  Nos.  Eng   Mag.,  Vol.  I  .  p.  57.     See  Fuel. 

Ijime  Floors,  Mexican  Method  of  Making  Hard.  By  Theo.  G.  Ellis.  Describes  the 
methods  used  in  Mexico  to  make  hard  lime  floors.  Trans.  Am.  Soc.  C.  E.,  Vol.  II., 
p.  179. 

Lock  Gates.     Wijch  to  open  and  shut.    Annales  des  P.  d:  C,  Nov.,  1886. 

liocomotive.  An  illustrated  description  of  a  passenger  locomotive  built  at  the  Old 
Colony  shops.     It  is  designed  to  cany  17o  lbs.  of  steam.    E.  E.  Gaz.,  Feb.  25,  1887. 


— .    Illustrated  description  of  the  Strong  locomofive  Duplex,  a.n  engine  of  many 
novel  feitures.  weighia?  149,000  pounds,  of  whi.h  90,003  pounds  is  on  the  drivers 
R.  E.  Gaz.,  Feb.  18.  1887. 

— ,  Co mpovnd  Freight.    An  illustrated  description,  with  table  of  the  dimensions  of 


theftrst  compound  freight  engine  constructed.    Engineer,  Jan.  14,  1887. 

,  on  the  Compound  Principle.    By  A.  Borodine.     Results  of  experiments  carried 

out  on  Russian  railways,  with  a  locomotive  built  as  a  compound  engine.  The  author 
couf»ludes  that  the  Ufe  of  the  compound  svstem  effects  a  saving  in  fuel  and  steam 
of  from  15  to  20  per  c.-nt.  Mem  de  la  Soc.  des  Ing.  Civils.,  September,  1886,  pp. 
261-346. 

.  Hov}  to  Run  a.    By  R.  H.  Buel.    Considers  the  action   of  (he  stationary  engine  to 

see  how  nearly  the  same  action  i    possible  for  the  locomoiive,  and  advocates  a  close 
study  ot  the  same.     Gives  details  of  some  experiments  made  with  locomotive,  with 
observa'ioDs  of  every  jhange  of  throttle,  valve  and  link.     E.  E.   and  Eng.   Jour. 
February,  1887. 

,  Straio-burning.    Description  of  a  locomotive  exhibited  at  the  Vienna  Exhibition. 

Vail  Nos.  Eng.  Mag.,  Vol.  IX..  p.  109. 

,  Four-cylinder.    An  illustrated  description  of  an  engine  designed  for  heavy  work 

on  the  Mexican  Central  R.  R.  The  tender  is  provided  with  driver  and  cylinders. 
Engineering,  Jan.  28,  1887. 

.  Canadian  Pacific.    An  abstract  of  the  paper  by  Mr.  T.  R.  F.  Brown,  describing 

the  engines  by  him  for  the  Canadian  Pacific  R.  R.    R.  R.  Gaz.,  June  17,  1887. 

-.  Compound  Passenger.    An  illustrated  description,  with  table  of  dimensions,  full 

paged  pate  aid  iudica'or  diagrams  of  a  compound  passenger  engine  for  the  North- 
eastern Railway.     Engineering.  June  17,  1887. 

Cylinders,  Proportions  of.    Gives  text  of  the  report  on  the  above  subj-^ct  by  the 

committee  app  inted  by  the  American  Railroad  Master  Mechanics'  Association,  R 
R.  Gaz.,  July  1.  1887. 

.     Gives  description  of  ^u  express  loco  >  otive  for  the  Great  Northern  Railway 

England,  on  exhibition  at  the  Newcastle  Exhibition.  Double  page  plate,  giving  plan, 
elevation,  ana  cross-section,  with  dimensions.  Engineering,  May  20,  1887;  also 
Engi)ieer.  June  3,  1887. 

,  Mogul  Freight.     An  illustrated  desciiption  of  an  engine  built  for  the  Michigan 

Central  Railrcad,  with  table  of  dimensions.     R.  R.  Gaz.,  June  10,  1887. 

,  Protlem  of  the  Parallel  Rod.      By  Prof.   J.    B.  Johnston.      Demonstrates  by 

analysis  that  the  I  section  is  the  correct  one,  and  in  ordinary  practice  the  depth  is 
too  small.    Railroad  Gazette,  S'-'pi.  16,  1887. 

. Power,     Cost   of   in   Different    Countries.       From    a   treatise    on    *'  Railway 

Problems,"  by  J.  S.  Jeans.  Sec'y  British  Iron  and  Steel  Association  A  valuable 
review  of  the  situation,  occupying  seven  columns  in  the  R.  R.  Gazette,  Dec.  10 
1887. 
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liocomotive,  Performance  of  a  Compound.  Gives  indicator  diagrams  and  details  of  a 
trial  trie  of  105  miles  of  the  compound  locomotive  '•  Dreadnaugbt."  Also  a  table 
giving  a  compari>^ou  between  her  performance  and  that  of  other  fast  passenger 
engines.    B.  R.  Gaz.,  Aug.  V2,  1887. 

,  Compound,    of   the    Von   Borries    System,  used    on    the  Hanover    railroads. 

Eighteen  brought  into  use  s'n^-e  l^^o,  with  a  saving  of  J4  to  21  per  cent,  of  the  fuel. 
Fully  described  and  illustrated  in  R.  R.  Gazette,  Oct.  15,  1886. 

1  Tests  of  the  Value  of  Different  Proportions       By  Angus  Sinclair.    A  genera^ 

account,  with  some  discussion,  of  experiments  made  on  the  C,  B.  &  Q.  R.  R.  to  de- 
termine the  relative  values  in  sp^ed  and  power  of  various  working  dimen=ions  in 
locomotive'^  The  experiments  were  careful  and  elaborate,  and  should  be  published 
in  great  detail.  National  Car  and  Locornotive  Btdlder,  Dec,  188G.  Aho  edi- 
torials bearing  on  the  same  subject  in  the  Railroad  Gazette,  Sept.  3,  1886,  and  Nov. 
26,  1886. 

,  Consolidation.  Ca 'radian  Pacific  Railway.  A  description  of  the  first  consolida- 
tion engines  tuiJt  in  Canada.  Illustrated  with  double-page  plate  and  three  cross-sec- 
tions with  dimensions.    R.  R.  Gaz.,  May  6,  1^87. 

.    A  double-page  p^at^  showing  development  of   the  locomotive  engine  on  the 

Southwestern  Railway,  England,  from  1851  to  1883.    Engineer,  March  11,  1887. 

,  Efficiency  of,  and  Resistance  of  Trains.     By  G.  R.  Henderson.    Proc.  Eng.  Club 

ofPhila.,  Vol.  VI..  p.  48.  ^ 

,  Consolidated.    Two-page  plate  and  cuts,  with  dimensions  of  a  locomotive  of  the 

Canadian  Pacific  R.  R.     Engineering.  Oct.  21,  1887. 

■ ,  Specifi cation  for.    Gives  the  standard  .^specification  for  an  18  by  24  Mugul  engine. 

Engineering,  Oot.  7.  1887. 

,  Compound  Freight.  Description  of  a  compound  freight  locomotive  of  the  North- 
eastern R.  R.,  wi'h  two-page  plate  and  cuts  showing  details  and  dimensions.  En- 
gineering, Sept.  23    1 887. 

,  Compound  Condensing.    Brief  illustrated  description  of  a  compound  condensing 

tramway  engine  at  the  Newcastle  Exhibition.    Engineering,  Sept.  ^0,  1887. 

,  Tank.  Illustrated  description  of  ore  of  six  engines  for  the  Great  Southern  Rail- 
way of  Brazil.     Engineering,  Sept.  9,  1887. 

,  Problem  of  the  Parallel  Rod.  By  Prof.  J.  B.  Johrson.  Demonstrates  by  analy- 
sis that  the  I  section  is  the  correct  one,  and  in  ordinary  practice  thf  d^pth  is  too 
sma'l.    Railroad  Gazette,  Sept.  16.  1887.     Discussed  in  R.  R.  Gaz.,  Nov.  4.  1887. 

,  Tramway.  Description,  with  elevations  and  cross  section?,  of  a  tramway  loco- 
motive for  the  Wolverton  and  District  Light  Railway  Co.  [Engineering,  Aug.  26, 
1887. 

Jjocomotives,  Specifications  for.    Gives  specifications  of  locomotives  tor  the  London 

&  Southwestern  R.  R.     Engineering,  Sept.  2,  1887. 
,  Large  and  Small.    Comparison  of  a  thirty-nine-ton  and  a  three-ton  locomotive. 

Gives  their  relative  dimensions  and  gauges.    Sci.  Amer.  Supp.,  Oct.  15,  1887. 
• ,  Field  Electric.    Gives  a  description  of  the  above  locomotive  recently  tested  on 

the  New  York  Elevated  Railroad.    R.  R.  Gaz.,  Nov.  11, 1887. 
liOw  "Water  in  a  Steel  Boiler.    By  J.  E.  Codman.    Gives  details  of  a  severe  test  of  the 

material   of  an   internally  fired  boiler.     Drawing  shows  position   of  crown  sheet 

before  and  after  the  overheating.     Proc.  Eng.  Club  ofPhilu.,  Vol.  VI.,  p,  21. 
Lowestoft  Harbor      See  Harbor, 
Machine  Tools  avid  Workshop  Appliances  for  the  treatment  of  heavy   forgings  and 

castings.    Describes  somf  of  the  largest  tools  in  England,  including  a  forty-foot 

face  lathe.    Illustrated.    Proc.  Inst.  Civ.  Engrs.,  Vol.  LXXXVl.,  p.  120. 
'M.a.ch.iiiery,  Textile     A  general  review  of  the  textile  machinery  at  Manchester  Royal 

Jubilee  Exhibition,  including  all  classes  of  cotton  machinery.    Sci.  Am.  Supple., 

Oct.  8.1887. 

Manufactures,  Co.sf A' /».  Ry  Henrv  Metcalf.  A  lecture  before  the  students  of  Cor- 
nell University  on  the  methods  of  obtaining  the  cosis  of  work  done  in  machine 
shops.    Sci.  Am.  Supple.,  Aug.  6,  18.^7. 
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l!lLa.vine 'E-n.giiieering,  Ifs  Progress  and  Dev-lopment.    An  address  before  the  Inst. 

Nav.  Archts.,  Liverpool.    Sc.  Am.  Suppl.,  Oct.  16,  1886. 
,  af  the  Univ.  Expos.  ofAnvers.    By  .1.  Gaudry .      Mem.  de  la  Sac.  des  Ing.  Civils, 

November.  1885,  pp.  627-668. 

Masonry  of  East  River  Bridge.  Notes  on.  By  Francis  Coilingwood.  Illustrated .  Gives 
description  of  towers,  anchorage  and  hoistinj;  apparatus.  Trans.  Am.  Soc.  Civ. 
Engrs.,  Vol.  VI.,  1877,  pp.  7-27. 

-   ,   Repairs  of.    By  O.   Ctiaoute.    Aa  account  of  the  applications  of  beton  on  the 

Erie   Railway.    Piers,  culverts,  arches  and  tunnel  li.iings  repaired.     Illustrated. 
Trails.  Am.  Soc.  Civ.  Eagrs.,  Vol.  X.,  1881,  pp.  tiQl-CO^i. 

Material,  a  Nev^  View  of  the  Resistance  of.  By  Prof.  W.  C.  Unwin.  Discusses 
Bau?criinger's  experiments  and  shows  the  relation  between  them  and  Wahler's  ex- 
p-^riment'.     Engineer,  Jan.  7,  1887. 

Materials  of  Construction.  By  R.H.Thurston.  Treats  of  the  strength  and  other 
properties  of  materials  of  construction,  as  deduced  from  the  strain  diagrams  pro- 
duced by  the  Thurston  testing  machine.  A  reply  to  criticism  by  Prof.  Kick  on  a 
previous  paper.     Trans.  Am.  Soc.  C.  E.,  Vol.  V.,  p.  9. 

Measuring-  Instruments  used  in  Mechanical  Testing.  Bv  Prof.  W.  C.  Unwin.  Dis- 
cusses the  different  forms  of  instruments  for  determining  the  exact  distance  between 
two  marks.     Engineer,  May  20,  1887. 

Mechanical  Engineering-,  Semi-Annual  Report  of  the  Committee  of  the  CUveland 
Engineers'  Club  on.  By  J.  L.  Gobeille.  A  review  of  the  year's  work.  Jour.  Assoc. 
Eng.  Soc,  January,  1887. 

Mechanics  of  Flying.  By  Ludwig  Kargl.  Object  is  to  investigate  under  what  cir- 
cumstances it  is  possible  for  a  machine  to  raise  itself  into  the  atmosphere  and  at  the 
same  time  guide  its  motion  in  any  given  direction.  Vctn  Nos.  Eng.  Mag.,  Vol.  IV., 
pp.  346-530. 

Mechanism.  By  Arthur  Regg.  One  of  the  Canton  lectures  under  the  auspices  of  the 
Society  of  Arts.     Van  Nos.  Eng.  Mag.,  Vol.  VII..  p.  341. 

Mercurial  Gauge.  A  discussion  of  its  reliability.  Trans.  Am.  Soc.  C.  E.,  Vol.  11., 
p.  2-28. 

Metals,  Properties  of.  held  in  Common  iriih  Fluids.  A  lecture  by  Prof.  W.  C.  R. 
Austen.  Shows  that  the  properties  held  in  common  witli  fluids  are  numerous  and 
surprising.    Illustrated.    Sci.  Am.  Supple.,  July  17,  1886. 

and  Alloys.    By  Prof.  W.  C.  Roberts  Au<*tm.    A  lecture  delivered  to  the  operative 

cla'^s  at  Birmingharb.     Sci.  Am,.  Suppl  ,  Feb.  5,  1885. 

Rate  of  Set  of.    By  Prof.  R.  H.  Thurston.     Gives  details  and  results  of  experi- 


ments made  to  determine  the  law  of  the  rate  of  set  of  metals  subjected  to  strain  for 
considerable  period;^  of  time.     Trans.  Am.  Soc.  C.  E ,  Vol.  VI.,  p.  28. 

JSIetallic  Railroad  Track.  By  M.  S.  Cantagrel.  Avery  complete  and  interesting 
account,  hist  )rical  and  descriptive,  of  the  various  systems  of  iron  superstructure  for 
railways,  w  ich  have  been  proposed  or  used,  with  illustrations  and  statistics.  Mem. 
de  la  Soc.  des  Ing.  Civils,  July,  1886,  pp.  59-104. 

Meter,  Water,  Frost's.  Gives  illustrated  descriptions.  Frosfs  positive  water  meter. 
Engineering.  Sept.  16,  1887. 

Meteorology,  Recent  Advances  in.  Systematically  arranged  in  form  of  a  text-book 
for  the  Signal  Service.  By  Wm.  Ferrel.  440  pagns.  Discusses  all  questions  in 
meteorology.  A  valuable  treatise.  H.  Rep.  Ex.  Do?.  1,  Part  2.49th  Cong.,  1st 
Session.     Being  Part  2  of  Vol.  IV.,  Rep.  of  Sec'y  of  War,  1885. 

Method  of  Least  Squares,  Proof  of.  By  Prof .  Vogler  Zeitschr.  f.  V^^noessungs- 
wesen,  1S87,  pp.  142-147.  183-190. 

Jtticro  Organisms,  Son eo/f/ic  Conditions  Affecting  the  Distribution  of,  in  the  At- 
mosphere  By  Dr.  P.  T  Frankl?.nd.  Gives  summary  of  the  experiments  of  Pasteur, 
Tyndall.  ^t^iquel  and  Freudenreich.  Describes  methods  of  cultivation,  etc.  Gives 
results  of  experiments  on  the  distribution  of  micro  organisms  at  different  altitudes 
and  places  ;  also  their  nature.  Discussed  by  Doctor  Carpenter  and  others.  Jour. 
Soc.  of  Arts,  JJarch  25,  et  .^eq.,  1887. 
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Milling-,  Roller.  By  Henry  Simon.  Gives  record  of  tests  instituted  to  determine  ttie- 
power  consumed  by  the  different  machines  used  in  a  roller  mill  when  workin°:  under 
different  conditions.    Engineering,  July  8,  J 887. 

Milling'  Eng-ineer,  Leaves  from  the  ISJote  Book  of.  Treats  of  water  in  chancels  and  in 
pipes,  of  water  motors  and  horse-power  of  Avater-wheels.  Sci.  Ani.  Si'p.,  Oct.  22, 
1887. 

Mineral  Resources  of  the  United  States  for  188.3  aud  1884.  A  vDlume  of  over  1,000 
pages.  Issued  by  the  United  States  Geol.  Purvey,  grivingr  statistics  of  production  and 
many  memoirs  by  technical  experts  on  methods  in  use  in  prcspectingr,  mining:  and 
reduction.    H.  R.  Misc.  Doc.  No.  36.  49th  Congr  .  1st  Sesnon,  Dpi.  of  the  Interior. 

for  188.5.     H.  Rep.  Misc  Doc.  No.  146,  49^/i  Congr.,  2d  Sess.,  1886-. 

Mines,  Accidents  in.  By  Sir  Fredk.  Aug.  Abel.  The  first  part  of  an  able  paper  in 
which  the  general  situation  is  reviewed  in  the  light  of  recent  researches,  includiijs: 
the  Rep.  of  the  Commission  in  1886.  Statistics,  causes,  appliances,  et.,  discussed. 
Pror.  Inst.  Civ.  F.ngrs.,  Vol.  XC.  pp.  160-200. 

Mechanical  Ventilation  of.    By  Wm.  Cochrane.     Abstract  of  a  paper  read  before 

the  Inst,  of  Mech.  Engrs.,  at  Newcastle.     Van  Nos.  Eng.  Mag.,  Vol.  I.,  p  936. 

Mining",  on  the  Personnel  for  Snhrnarine.  By  Lieut.  J.  T.  Bucknell,  before  'he  Royal 
Inst,  of  Submarine  Mining.     Eugiiieering,  March  2.5,  April  1,  etc.,  1887. 

— .    By  Maj.  T.  B.  Brooks.     An  analysis  of  the  cost  and  description  of  the  methods 

of  mining  employed  in  the  Marquette  iron  region.  Lake  Superior.  Michigan.     2\ans. 
Am.  Soc.  C.  E.,  Vol.  II..  p.  17. 

Debris  in  California  Rivers.     By  A.  J.  Bowie.      A  full  and  elaborate   treatment 


of  the  above  subject.  Trans.  Tech.  Soc.  Pac.  Co(tst,  Vol.  IV.,  p.  1,  also  briefly  ab- 
stracted in  Eng.  News.  .July  30.  1887. 

Lairs  of  the  United  States  and  Regulations  thereunder,  together  with  State  and 

Territorial  Miningr  Laws  and  Local  Mining  Rules  and  Regulations.  Quarto,  700  pp., 
being  Vol.  XIV.  U.  S.  Census,  1880.  H.  Rep.  Mis.  Doc.  4\  Pt.  14.  47f/i  Cong.,  2c? 
Sess..  1885. 

,  Submarine.    A  series  of  articles.   Lt.   Col    Bucknell,  R.  E.     Gives  gnalysps  cf 

important  experiments,  etc..  treats  of  the  apparatus  employed  for  measuring  the 
effects  of  submarine  explosions.    Engineering,  July  1,  et  seq.,  1887. 

Mississippi  River,  Cut-offs  on.  Their  effect  on  the  Channel  above  and  below.  By 
C.  G.  Forshey.     Trans.  Am.  Soc.  Civ.  Engrs.,  Vol.  V.  (1876),  p.  317-322. 

.     Im  rovement  of  its  Mouth.     A  paper  by  J.  G.  Barnard.      Trans.  Am.  Soc.  Civ. 

Eng.,  Vol.  IV.  (1875),  p.  104-21.  DLsoussion,  p.  290-309;  also  paper  by  W.  Milnor 
Roberts,  p.  321-333;  and  Discussion,  Vol.  V.,  p.  275-297. 

.  Dangers  Threatening  its  Navigation,  By  B.  M.  Harrod.  Favors  bank  pro- 
tection and  level's  on  the  theory  that  confiiing  the  flood  waters  will  not  ;ccrea«e 
flood  blights.     Trans    Am..  Soc.  Civ.  Engr.,  Vol.  VII.  (1878),  p.  243. 

Mitis  Process.     See  Iron  and  Steel. 

iMoment  of  Inei'tia.  On  the  determination  and  graphical  representation  of  the 
moment  of  inertia  of  plane  surfaces.  By  Prof.  Mohr.  Discussion  of  some  very 
pri  toy  greometrlcal  methods,  but  of  more  interest  from  a  mathematical  than  from, 
an  engineering  point  of  view.     Der  Civil  Engenieur,  1887,  pp.  43-67. 

Mortars.  By  Samuel  Crompton.  Treats  of  the  effects  cf  adding  saccharine  matter  to 
mortar.     Eng.  Neics,  Jan.  1,  1887. 

.    Composition  of  ancient  mortars  and  Rosendale  cements.    Bv  Arthur   Beokwitb. 

Van  Nos.  Eng.  Mag.,  Vol.  VIII.,  205. 

and.  Mortar  Joints.  By  A.  S.  Jennings.  An  essay  on  the  general  use  of  mor- 
tars.    Contains  many  practical  hints.     Building,  June  4,  1887. 

Motor,  Hydraulic,  Improved  Oscillating.  A  description,  with  sectiors,  of  the  motor 
of  Schattenbrand  &  MoUer,  for  household  use.     Sci.  Am.  Snpp.,  Sept.  17,  1887. 

Motor.  Noissian  River.  Gives  desciption  of  a  new  motor  for  utilizing  the  waste 
power  of  streams.     Sci.  Am.  Supple.,  Julv  2.  1887. 

.  the  "  Climax.''''    Gives  an  illustrated  description  of  the  Climax  sJeam  motor,  and 

detail  of  a  trial  run  of  five  hours.  The  boiler  is  composed  of  two  coils  of  pipe.  En- 
gineering, April  1,  1887. 
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Municipal  Works  m  JVVtt;  yo/'A:.  A  sample  "job."  detailed  in  cooneciicn  with  the 
repaying  of  Fifth  avenue.    Engr.  Neivs,  Oct.  2,  1^86. 

Multiplication  Tables.  Abridged  from  C!relle*s  table.":,  suited  to  numbers  of  two 
figures.     iJO  pp.,  quarto.     Bureau  of  Navigation  Navy  Dept.,  U.  S. 

Nails  and  Screws,  Adhesion  of.    See  Tests  of  Engineering  Materials. 

Natural  Gas.  ' Its  Occurrence  and  Application   in   Pittsburgh.    A  lecture  Vy  Kurt 

Sorge  before  the  Nurth  German  Iron  and  Steel  Association.    Eng.   News.,  Sept.  10 

and  17,  1887. 
.    A  good  article,  giving  the  results  of  a  ten  da5's'  visit  to  Pittsburgh  and   vicinity. 

Gives  history  and  shows  detais  of  the  management  of  natural  gas  at  that  point. 

Fully  illurjtrated.     San.  Eng..  Jan.  1."),  1887. 
.    By  Charles  Paine.    A  valuat  le  article  containing   analysis  of  Pittsburgh  and 

Findlay,  O.,  heating  power,  distribuiion,  etc     Repnnted  from  Railroad  and  Eng 

Jour..  January,  1887,  in  Eng.  News,  Jan.  29,  1887. 

.    The  Findlay,  Ohio,  gas  field.    Its  history,   develojomeat  and  util'zation  as  a 

chfap  and  siiperior  fuel;  its  present  and  future  va'ue  to  the  manufacturing  interest. 
A  special  five-page  article  prepared  for  the  Iron  Trade  Rerieic  of  Cleveland,  April 
'2:^,  1887,  by  Hosea  Paul,  C.  E.  Free  copies  sent  on  application  to  Board  of  Trade* 
Findlay,  Ohio. 

NavigratioE,  Earlu  Experiments  in  Steam.  An  account  of  Elijih  Orm  bee's  first 
stesmboat  and  David  G-ieve's  first  screw  propeller  boat  (1794),  compiled  by  Elisha 
Dyer  and  S.  B.  Smith.    Sci.  Aiu.  Sup.,  May  14,  1884. 

.  The  NnviqatGr's  Position  Indicator.  Paper  read  before  the  U.  S.  Naval  Insti- 
tute by  Lieut.  H.  O  Rittenhouse,  U.  S.  N.,  March  8.  1887.  Describes  an  instrun  enfc 
to  indicate  readily  on  a  chart  the  position  of  a  vessel  when  navigating  coasts  or 
inland  waters,  where  landmark.^  may  be  seen  and  recognized.  Proceedings  of  the 
U.  S.  Naval  Institute  for  1887.  Vol.  XIII.,  Nj.  2. 

Navy,  Tlie  New  and  the  Old.  A  number  of  notes  from  various  sources  in  relation  to 
the  new  ships  and  guns  for  the  Navy,  and  other  naval  matters.  The  Railroad  and 
Engineering  Journal,  Dec,  1887. 

.    List  of  vessels  authorized  hy  Congress  n-p  to  March  4,  1887.     The  Railroad  and 

Engineering  Journal,  April,  1887. 

Naval  Vessels.    See  Ships. 

Brigade:  Its  Organization,  Equipment  and  Tactics.      Prize  essay  for  1887, 

presented  to  United  States  Naval  Institute  by  IJeut.  C.  T.  Hutchins,  U.  S.N.  Pro- 
ceedings of  the  United  States  Naval  Institute,  Vol.  XIII.,  No.  3. 

Nichols,  William.  Ripley.  A  Memorial.  By  Geo.  F,  Swain.  Gives  good  sketch  of 
his  life  and  work.     Jour.  Assoc.  Eng.  Soc,  Jan.,  1887. 

New  Haven  Harbor,    see  Harbor. 

Oil  for  Fuel.  An  account  of  experiments  by  the  Pennsylvania  Railroad  Company  on 
the  use  of  petroleum  as  fuel  in  locomotives,  with  a  comparison  of  is  cost  with  that 
of  coal.  The  Railroad  a)id  Engineering  Journal,  August,  1S87,  and  Railroad 
Gazette,  July  1 . 

Testing.      For   viscosity,   acidify,  drying,  and  adulteration.    A    description   of 

simple  methods  and  apparatu:5.    Power.  December,  1887. 

in  Heavy  Seas.    A  27-page  Bulletin.  No.  82,  of  the  Bureau  of  Navigation,  U.  S. 

Hydrographic  Office,  describing  the  effects  of  oil  in  lessening  the  dacgereus  effects 
of  heavy  seas.     1886. 

and  Naiurcd  Gas  in  Illinois.     By  Prof.  Theo.  B.  Comstock.     Treats  of  the  origin 

and  relations  of  petroleum  and  natural  gas;  physical  and  chemical  relations  ;  geo- 
iosical  distribution;  range  and  condition.     Sec.  An.  Rept.  111.  Soc.  Engrs.  and  Survs. 

Oils,  Apparatus  for  Testing.  Description  of  an  ingenious  registering  apparatus  for 
testing  the  quality  of  lubricating  oils.    Illustrated.    Sci.  Am.  Sup.,  Oct.  15, 1887. 

Operating  Expenses.  Gives  a  table  of  the  percentage  of  various  itefVis  of  expense 
to  the  total  operating  expense.  Th*^  table  is  made  from  the  average  of  two  years' 
practice  on  a  road  operating  over  3.000  miles  of  road.    R.  R.  Gaz..  May  6,  1887. 
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Ordnance.  Firing  Trial  of  the  llQi^g  ton  B.  L.  Elstvick  Gun .  With  drawings  of  the 
g:un  and  projectile.    American  Manufacturer,  April  1,  1887. 

.    See  Steel  for  Heavy  Guns;   Aluminum  Bronze;  Pneumatic  Dynamite  Gun. 

and  War  Ships,  Report  of  the  Select  Committee  of  Congress  on.     1886,  500  pp. 

and  many  illustrations.  A  inine  of  information  concerning  foreign  practice  and 
home  facilities  for  steel  manufacture.  Contains  a  list  of  40  "  books  of  reference" 
on  this  s^ubject. 

Ore  Crushing-,  Theory  of.  By  Luther  Wagener.  A  valuable  contribution  to  the  present 
meagre  literature  on  this  subject.  Discusses  objects,  surface  of  the  pulp,  work  of 
crushing,  useful  work,  relative  surface  produced  by  stamps  and  rollers,  and  sliming, 
all  on  the  basis  of  efficiency  and  economy.  Trans.  Tech.  Soc.  Pac.  Coast,  Vol.  III., 
p.  45  (May,  lS86j. 

Orifices,  Larg-e.    See  Hydraulic  Experiments. 

Oxidation  of  Iron,  Some  Experiments  on.  By  Prof  .'F.  G.  Cilvert.  Van  Nos.  Eng. 
Mag.,Yo\.  VIII.,  p.  137. 

Papier  Mache.    A  brief  description  of  the  process  of  manufacture.    Building,  March 

26,  1887. 

Passeng-er  Travel,  Growth  of  Boston.  By  F.  E.  Gailoupe.  Gives  tables  showing  the 
growth  of  travel  on  horse  railroads;  also  steam  roads  in  detail.    Eng.  News,  Aug.  6, 

1887. 

Patents  By  A.  K.  Mansfield.  Discusses  the  present  practice  of  patent  solicitors,  and 
advocates  the  establishment  of  educational  institutions,  or  of  special  courses,  which 
shall  be  designed  to  fit  men  for  the  specialty  of  patent  attorneys.  R.  R.  and  Eng. 
Jour.,  February,  1887, 

Pavements.  A  paper  before  the  Soc.  of  Arts  on  the  sanitary  advantages  of  smooth 
and  impermeable  street  surfaces.     Van  Nos.  Eng.  Mag.,  Vol.  V.,  p.  586. 

,  Pa^t ,  Present  and  Future .    By  J.  H.  Sargent.     Gives  results  of  his  experience 

and  observations  on  the  street  pavements  of  Cleveland.  Jour.  Asso.  Eng.  Soc^, 
Sept.,  1887. 

,  Wood  in  London.     By  G.  H.  Stayton  before  the  Institution  of  Civil  Engineers. 

Gives  full  particulars  of  the  extent  and  construction  of  wood  pavement  in  London. 
San.  Eng.,  Aug,  20,  27,  etc.,  1887. 

Gives  the  experience  of  Omaha  in  the  use  of  macadam,   Sioux  Falls  stone. 


Colorado  sandstone  and  asphalt  for  pavements.  San  Engr.,  July  30,  1887 
•    A  valuable  discussion  before  the  Western  Poc.  of  Eng.,  in  answer  to  the  query, 

"What  is  the  best  form  of  pavement  or  improved  roadway  for  a  city  residence 

street  having  a  limited  amount  of  travel  ?"  Set.  Am.  Suppl.,  Jan.  29,  1887. 
.    Abstract  of  specifications  for  paving  streets  in  Philadelphia  with  granite  blocks 

and  pitch  c  mented  joints.   Eng.  News,  Jan.  15,  1887. 

for  Small  Cities.    By  George  F.  Wightman.    Recommends  first  gravel,  second 

macadam,  and  third  brick.    Gves  extracts  from  specifications  used  in  Peoria.     Sec. 
An.  Rep.  III.  Soc.  ^ngrs.  and  f^irv. 

Pavements.  Extracts  from  the  report  of  Captain  Griffin  on  the  streets  of  Washington. 
Contains  much  useful  information  relating  to  pavements,  esoecially  that  made  from 
coal  tar  distillate.    Eng.  News.  Oct.  22,  1887. 

Permanent  Way.  Abstrac':  from  the  report  of  New  York  State  Engineer  on  rail- 
roads for  1868.     Fan  Nos.  Eng.  Mag.,  Vol.  I.,  pp.  385  and  481. 

.    See  Railways. 

Petroleum.  By  H.  E.  Wrigley.  Gives  descripl ion  of  the  oil  regions  of  Pennsylvania, 
methods  of  drilling,  pumping  and  transportation,  also  treats  of  liquid  fuels.  Van 
Nos.  Eng.  Mag..  Vol.  VII..  pp-  225,  353,  513. 

Sfeamei-s.    Abstract  of  papers  read  before  the  Institution  of  Engineers  and  Ship- 
builders, at  Newcastle-upon-Tyne,  by  Messrs.  B.  G.  Nichol  and  J.  Gravell,  describ- 
ing appliances  for  burning  petroleum  as  fuel,  and  the  most  recent  practice  in   the 
construction  of  petroleum-carrying  steamers.   The  Railroad  and  Engineering  Jow 
nal,  February,  1887. 
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Petroleum  Ilium  nation.  A  Graduating  Thesis  at  the  Stevens  Institute  of  Technology. 
Discusses  various  burners,  forms  of  wicks,  candle  power,  oil  consumption,  etc. 
lil'.istrated.     Sci.  Am.  Snppl.,  Nov.  9,  1880. 

and  its  Products,  being  part  of  Vol.  X.  of  U.  S.  Censu?,  1880.    Quarto,  300  pp. 

An  encyclopaedia  of  information  on  this  subject,  giving  geology  and  technology 
of  gaseous  and  liquid  fuels.  H.  Rep.  Misc.  Dor.  42,  Ft.  10.  47th  Congr.,  2d  Sess., 
1884. 

Territories.  By  B.  Redwooi.  An  exhausfivt^  paper  on  the  petroleum-pro- 
ducing territories  of  ihe  United  States  and  Canada,  giving  tables  of  statistics  and 
general  data  of  value.     Sci.  Am.  Supple.,  Sept.  10. 1887. 

Philadelphia  Municipal  Engineering-  Works.  The  fourih  series  of  municipal 
papers,  beginning  in  Engr.  News.  Dec.  18.  1886.     Map. 

Photometry.     See  Platinum  Standard  of  Light. 

Pier,  Ocean,  at  Coney  Island.  Its  construction.  Iron  piles  driven  by  water  j  t. 
Charles  Macdonald.     Trans.  Am.  Soc   Civ.  Engrs.,  Vol.  VlII.  (1879),  p.  227. 

"Piles.  Cutting  off.  under  Wetter.  An  illustrated  description  of  a  saw  used  for  cutting 
off  piles  at  the  draw-bridge  of  Ruhsort.    Eng.  Ne7cs,  April  2,  1887. 

,  Formulas  for  the  Bearing  Power  of .  By  Prof  J.O.Baker.  Examines  a  num- 
ber of  formuips  to  see  if  the  limits  oftheunkhown  and  uncfrtam  cannot  be  con- 
tracted a  little,  and  proposed  a  new  formula.  Jour.  Assoc,  of  Engr.  Soc,  Vol. 
VI..  p.  117. 

,  Iron.  Sunk  by  Water  Jet.  A  description  of  tlie  ocean  pier  at  Conej'  Is'and.  Il- 
lustrated. Charles  Macdonald.  Trans.  Am.  Soc.  Civ.  Engrs.,  Vol.  VIII.  (1879), 
p.  227. 

'Pile-'DTivev,  An  Account  of  the  Operations  of  the   Gunpowder.    By    Samu<^l  R.    Pro- 

basco.    Gives  experience  with  Shaw's  patent  gunpowder   pile-driver.     Trans.   Am 

Soc.  C.  E,Vo\.  II.,  p.  403. 
Pipes.    Wrought-Iron  Conduit.     By    Hami'ton    Smith,   Jr..    before    the    Iron    and 

Steel  Inst..  London.      I)pscribes  the  pipes  used  in  hydraulic  mining  inihe  West. 

Engr.  News,  Dec.  18,  1880. 
Pipe   Threads,  Uniform   Standard  in.     Abstract  of  final  report  of  Committee  on 

Standard  Pipe  and  Pipe  Threads  of  the  American  Society  of  Mechanical  Engineers. 

Tlie  American  Engineer,  March  2  and  9. 1S87. 

Fittings,  Manufacture  of.     Bv  W.  D.  Forlre?.     Treats  of  the  manufacture  in 

the  Uiiited  States  of  pipe  fittings.  Describes  some  of  the  machines  used  and  meth- 
ods employed.     Engi)iei  ring.  Feb.  2."),  1887. 

Testing-  Machine.     Illustrated  description  of  a  machine  recently  constructed  in 


England  for  testing  water  pipe.    Engr.  Neivs,  Jan.  22.  1887. 
Photog-raphic  Map  Reduction     By  O.  B.  Harden.    Call?!  attention  to  the  method  of 

making  reductims  of  large  maps  by  the  use  of  the  camera.     The  method  is  used  by 

the  Pennsylvania  Geologi.  al  Survey.    Largest  size  of  negative  used  is  21x25  inches. 

Proc.  Engr.  Club  of  Fhiladelphia,  Vol  VI..  p.  1. 
Plate  Girders,  Depth  of.    By  W.  R.  Brown.    A  discussion  of  the  limiting  value  for  the 

depth  of  plate  girders.     Van  Nos  Eng.  Mag.,  Vol.  VIII..  p.  316. 
Platinum.    Experiments  on  the  Melting  Platinum  Standard  of  Light.     By  Charles  R. 

Cross.    Paper  read  at  a  meeting  of  the  American  Academy  of  .Arts  and  Sciences, 

June  16,  1886.    The  Ehcirician  and  Electrical  Engineer,  November,  1886. 
Plumbing.    Regulations  adopted   by  the  Rochester,  N.  Y.,  Board  of  Health.    San. 

Eng.,  Jan.  22,  1887. 
Pr  eumatic  Safety  Gate.    An  illustrated  description  of  an  improved  form  of  gates  for 

railroad  crossing,  etc.     R.  R.  Revieiv,  Jan.  8,  1887. 
Dispatch.    A  description  of  the  working  of  the  pneumatic  dispatch  in  London. 

Van  Nos.  Eng  Mag.,  Vol.  VII..  p.  480. 
Dynamite  Gun.    An  account  of  a  ft'v^-  that  have  been   built,  and   of  experiments 

with  them.      The  projectile  is  a  dynamite  cartridge.    (Illustrated.)    The  American 

Engineer.  April  13,  1887. 
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TnewmeLtic  ryiunniie  Gun.  An  exhaustive  account  of  the  new  poeumatic  eynamite 
e:UQ,  the  different  guns  described  and  illustrated,  etc.  Ji^nyineering,  Apvil  lo\  ScL 
Am.  SuppL.  May  14,  18S7. 

Transmission  ilirouqh  Tunnels  and  Pipx'S.     By  Robert  Sabine.      P^xtract   from   a 

paper  before  the  British  Association.    Gives  mathematical  discussion  of  the  subject. 
Van  Nos.  Eiuj.  Mag.,  Vol.  III.,  p.  582. 

Polytechnieum  hi  Berlin.  DCoCription  of  the  new  building  of  the  Polytechnic  School 
in  Berlin,  with  maps  and  plan.  The  building  is  2'i7.8-2  metres  by  8t},95  metres,  and 
4  stories  higli:  cost  about  .§'J.OOO,(.100,  with  equipment.  Zeit.?chr.f.  Bauivesen,  1886, 
pp.  158-1  (j-i:  :j.31-33s. 

Port  of  Lisbon.  A  series  of  articles  givirg  sn  interesting  account  of  the  harbor  im-- 
prevents,  statistics,  cost,  results  accomplished,  etc.,  with  maps.  Rtvista  de  Obras- 
Piibh'cas,  1885;  acd  Jul,\  to  October,  1886. 

Power.  Importance  of  Economical  Generation  of  Steam  Power  to  the  development 
of  mantfactuies  in  Sr.  Paul.  By  F.  T.  Hampton.  A  very  gocd  discussion  tf  the 
meats  of  obtaining  pjwer  from  coal,  with  special  reference  to  the  conditions  of 
greatest  economy  in  ihe  u.<e  of  steam.    Jonr.  Assoc.  Eng.  Soc.  Vol.  V..  p.  45,3. 

Transmission  of,  hy  Bt-lting.  By  J  H.Shay.  Discusses  the  qualities  of  belt- 
ing for  driving  dynamcs.    Sci.  Am.  Sup.,  Oct.  2:?,  1887. 

—- —  in  Cities.  The  High  Pressure  Hydraulic  System  of  Distributing  Power  in 
Cities,  with  some  remarks  on  other  methods.  By  J.  Richards,  before  the  Tech.  Soc. 
of  the  Pac.  Coast.  Gives  English  methods  and  experience.  Trans.  Tech.  Soc.  Pac. 
Coast,  \o\.  HI  .  p.  87. 

Precious  Metals.  Vol.  XIII.  U.  S.  Census,  1880.  Statistics  and  Technology  of  the 
Precious  Metals.  Quarto,  .540  pp.  H.  Rep.  Misc.  Doc.  42,  Part  13,  47f/i  Congr.,  2d 
Siss.,  1885 

Presses,  Compound  Hydraulic.  Four  styles  of  rapid  working  presses,  the  high 
pressure  used  only  for  the  ifinal  movement.  Illustrated.  Sci .  Am.  Supule.,  Oct.  2, 
1886. . 

Pressure-Gauges,  Recording.  An  abstract  from  a  paper  by  Chas.  Hague,  before  the 
American  Water- Works  Association.    San.    Pw^rr  ,  .luiy  30,  1887. 

Profits,  The  Source  of  Business.  By  President  Francis  A.  Walker,  of  the  Mass- 
Institu'e  of  Technology.  A  masterly  exposition  of  the  law  determining  the  em- 
ployer's share  of  the  product  of  industry.  Proceedings  of  the  Society  of  Art  s^ 
Mass.  Institute  of  Technology,  for  1886-1887. 

Propeller.  On  the  fundamental  principle  of  the  action  of  a  propeller.  Van.  Nos.  Eng. 
Mag  ,Vo\.  VI.,  p.  624. 

Blades,  Strains  on.    By  G.  A.  Calvert.    A  paper  before   the  Institution  of  Naval 

Architects,  discussing  the  forces  acting  upon  the  blade  of  a  screw  propeller.    En- 
gineering. April  8,  1887. 

,  The  Screu-.    By  A.  Blech^  r.den.    A  paper  read  before  the  Northeast  Coast  Institu- 


tion of  Engineers  and  Shipbuilders,  treatirg  of  the  reaction  and  efficiency  of  the- 
ficrew  iTcpelltr  almost  wholly  from  an  experimental  point  of  view.  Engineering^ 
May  13,  1887. 

Turbine.    By  Andrew  Murray.     Van.  Nos.  Eng.  Mag  ,  Vol.  V[  .  p.  454. 

Public  Works,  The   Orgirrnzaiion   of  the  Navy  Department.     A  full  description  (15 

pp.)  of  the  evils  ©f  the  present  organization,  and  an  appeal  for  reform  by  Secretary 

Whitnev  in  his  Annual  Report  for  1885-C,  Vol  T.,p.  XXVII    A  valuable  contribution 

to  the  Public  Works  literature. 
.  Report  of  the  Ccmmission  on   Signal  Service.  G'eol.  Survey.  C-  &  G.  Survey  and 

Hydr.  Office  of  Navy  Dept.,  made  to  Congret^s  June  10,  1886.     Does  not  inrlude  the 

testimony  taken  bv  the   Commissicn,  which  is  publishtd   separately.     Report  No. 

2,740,  House  of  Rep.,  49th  Congr.,  1st  Session.    125  pp- 
.     Testimony  before  the  Joint  Commifsion  of  Congress  concerniig  the  present 

organization  of  the  various  scientific  and  technical  departments  of  the  government.. 

],1C0  pp.     Sen.  Mi.sc.  Doc.  No.  82,  49th  Congr.,  1st  Session.  1886. 
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Public  Works,  Proceedings  of  the  Council  of  Eagineerinf/  Societies  on,  at  Cleveland, 
O.,  April,  1886.  The  official  proceedingrs,  a  pamphlet  of  16  pp.,  can  be  had  by 
addressing  John  Eisenmann,  Sec'y,  44  Euclid  avenue.  Cleveland,  Ohio. 

,  Report  of  a  Committee  on,  with  a  lengthy  discussion  ©f  the  subject  by  an  officer 

of  the  Engineer  Corps,  U.  S.  A.    Trans.  Tech.  Sor.  }^<ir.  Coast.  "Vol.  III.,  p.  65  (May, 
1886). 

in  Prussia.    Description  and  statistics  of  promineut  works  in  process  of  execu- 


tion in  1884,  including  hydraulic  works,  buildings,  etc..  etc.  The  complete  paper 
extends  -through  various  numbers  of  the  periodical  Z'lls  hr.  f.  Hautcesen  for  1886: 
the  particularly  interesting  portion  relating  to  hydraulic  works  on  pp.  527-551  of 
the  last  number. 

Pulsometer.    See  Pumps. 

Pulverizing-  Machines.  Taken  from  Prof.  Tischers  paper  (German)  and  ful'y  illus- 
trated. The  various  principles  in  use  shovvo  and  explained;  a  very  satisfactory 
article.     Tlv  Enrjineer,  Sept.  10,  1886;  also,  Sci.  Am.  Snppl..  Oct.  30,  1886. 

Pump.  Bnrton-on-Treut  S'V-age  Works.  Illustrated  description  of  four  compound 
rotative  beam  engines;  each,  with  its  pump,  is  capable  of  lifting  1*35.000  gallons  an 
hour  110  feet.    Eagineer.  Feb.  25,  1887. 

,  Johnston's  Hydra idic.     Illustrated  description  of    a   novel  hydraulic    pump. 

Eng.  News,  Jan.  2?,  1887. 

.  Centrifugal.  A  brief  account  of  the  performance  of  ihe  two  42  inch  centri- 
fugal Dumps  at  the  Mare  Island  Navy  Yard,  Cal.,  Pioc.  Eng.  Club,  Philn .,  \  o\.  VI., 
p.  IM. 

.  hfficiencii  of  Centrifugal  and  Reciprocating.      By  \Ym.   O.  Webiier.     Results 


of  a  series  of  valuable  experiments  with  different  lift-^  and  horse  powers.     Trans. 
Am    Soc.  Mcrh.  Engr.s..  Vol.  VII.,  p.  598. 

— .  The  Xeir  Wor'hington  Direct  Acting,  using  steam  expin.«iveiy  and  giving 
uniform  tlow.  An  account  of  some  elaborate  and  scientific  tests  by  English  engi- 
neers.   Illusiraied.    Proc.  Inst.  Civ.  Engrs..  Vol.  LXXXVI  ,  p.  29.). 

— .  On  the  Cost  of  Raising  Small  Quantities  of  Water  by  Steam.  Pump  .  By  Alfred 
R.  Wolff.  Olives  tabulated  data  of  .'M  items  for  eight  dift'erent  rates  of  pumping, 
from  ;J70  to  1.3.000  gallons  raised  25  feet  per  hour.    Engr.  yews  Oct.  9, 1886. 

for-  Indian  State  Rail way-i     Tivo  pages  of  illustrations  showing  details  of  pumps 


described  in  the  specifications  as  six  hors-^-power  eug'n-s  and  boilers  with  pumps  for 
suppljing  water  for  the  use  of  locomotives  from  wells  100  feet  deep.  Engineer, 
Murch  4. 1887. 

,  Hydrauli( .    Deep   mine  pumps  worked  by   water  pressure  from   the  furiace. 

Gives  cjst  and  peiformance.  Abstracted  in  Tran.<.  lust.  Civ.  Engrs. .Yol.  XC,  p. 
5-J8. 

.    Steam  ViicHum.    Efficiency  of  pulsometer   pumps  as  compared  with  piston  or 


plunger  pumps.  Ho<v  to  determine  such  efficiency.  By  J.  F..ster  Flagg.  Tran.s. 
Am.  Sue.  Civ..  Engrs..  Vol.  V.  (187b),  p.  381. 

Pumps,  Malta  Dockyard.  D^scriptioK.  with  cuts,  showing  the  arrangement  of  the 
large  centrifugal  pumps,  also  of  the  sui>pleinentary  pumi)S  for  the  Malta  Dockyard. 
Engineering.  Aug.  '-'.6.  1887. 

Valves     Experiments  !on  the  motion  of  automatic  pump  valves.     By  Prof.   C. 

Hach.  Exueriments  on  valves  of  diffeent  kinds,  to  determine  proper  weight  of  valve 
loss  of  head.  etc.  Ze/t.sckrift  des  Vercin.s  D<:'ut.^c.'ier  Li/en/enr,  1886,  pp.  421-430. 
475-477. 

Pumping-  Engines,  Duty  and  Cost  of.  Statistics  obtained  by  committee  and  tabu- 
lated Trans.  Am.  Soc.  Civ.  Engrs.  Vol.  IV.  (IS75).  p.  142-146.  Discussion,  p. 
2.^3-229. 

Quay  and  other  Retaining  Walls.    See  Retaining  Wall. 

Quarrying.     Set  Quarrying  in  Wales.     A  lengthy  description   of  the  methods  used. 

Trans.  Liverpool  E  ig.  Soc,  Vol.  VI.,  pp.  64-74. 
Quebec  Harbor  Improvements.    See  Harbor. 
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QiUicksand  in  Excavation.  By  Charles  L.  Mc Alpine,  with  discussion.  Gives  suc- 
cessful treatment  of  a  large  body  of  quicksand  in  a  ctiual  cuttiiig.  Trans.  Am.  Soc. 
Civ.  Engrs  ,  Vol.  X.  (1881).  p.  275-289, 

Rack  Railroad,  2he  Mt.  Pilatus.  Illustrated  desciiption  of  the  rack-way  up  Mt- 
Pilatus,  near  Luzerne,  Switzei land.  Maximnrj  gradient  is  48  per  cent.,  and  total 
length  auout  2.8  miles.     R  R.  Gaz.,  Feb.  4,  1887;  also  Eng.  Aeics,  Feb.  19.  1887. 

Radiation  at  Different  Ttmperatures.  Capt.  John  Ericsson  gives  results  of  expeiiment. 
Illuitrated,     Van  Nos.  Eng.  Mag  ,  Vol.  VII..  p.  IV.i. 

Rafters,  Problem  of.    By  De  Volson  Wood.     Van  Nos.  Eng.  Mag.,  Yi\.  VI.,  p.  233. 

,  Strains  in.    By  S.  H.  Sbreve.    Derives  formulae,  and  maizes  practical  applica- 
tion of  the  same.     Van  Nos.  Eng.  Mag.,  Vol.  III.,  p.  473. 
Rail  Heads,  The  Form  of   the  Under  Side  of.   Gives  a  number  of  illustrations  of  w,»rn 

rail  and  discusses  the  causes  of  the  wearing.    Eng.  News,  Feb.  26,  1887. 
Rail  Joints,  E.vperimental   Effects  of ,  on  Bridge  Strains.   Gives  results  of  the  studie-s 

of  M.  Considier,  a  Chief  Eng.   of  tha   French  Department  of  Rjads  and  Bridges. 

R.  R.  Gaz.,  Jan.  28,  1^87. 
and  Stetl  Rails.    By  C.  P.   Sandberg.    A  paper  resulting  from  the  dscussion  in 

America  on  rail-ioints  and  spHce-bars.  Discussed  from  the  English  standpoint.  A 
lOO-lb.  rdil  section  given.     Some  valuable  facts  on  the  wear  of  steel  rails,     yroc. 

Inst.  Ov.  Engrs.,  Vol.  LXXXIV.,  p.  365. 
Rails,  Radii  of  ITo?-)*  Surface  of.    Gives  engraving  showing  the  radu  of  sixteen  pairs. 

of  rails  from  sections  caiefully  taken  under  the  direction  of  Mr.  Thomas  R  dd. 

Engr.  News,  Oct.  8,  1887. 
Sections.     A  comparison  of  different  forms  in  use,  nilh  suggested  improrem  nts. 

Paper  r<  ad  b'^'fore  the  American  Institute  of  Mining  Engineers,  February,   188  7,   hy 

W.  F.  Mattes  Scran'on,  Pa.     The  Engineering  and  Mining  Journal,  April  30,  May  7, 

and  May  14,  1887;  also  Railroad  Gazette,  April  Sri 5,  1887 
,   Comparison  betiveen  the    Uniformity  of  Bes.^emer  Steel   and  Iron.     By  J.  B. 

Pearse.    Compares  the  experim<^nts  made  for  the  Central  Railway  of  Orleans  at  the 

Terre  Noire  Works,  and  those  of  Peter  Ashcroft,  Esq.,   on  English  iron  rails.     Van 

Nos.  Eng.  Mag..  Vol.  1.,  p.  103. 
,  The  Manufacture  and  Wear  of .     By  C.  P.  Sandberg.    Treats  of   best  method  of 

manufaciurin;  rails  fiom  common  iron,  and  their  capacity  to  resist  wear.     Also  cf 

the  disposal  of  old  rails.     Va%  Nos.  Eng.  Mag.,  Vol.  VII. ,  pp.  76,  174  and  277. 

,  Comparative  Economy  of  Light  and  Heavy  Heads.     By  Ashabel  Welch.     Shows 

a  great  savirg  by  increasing  the  depth  of  the  head.    Illustrated.     Trans.  Am.  So<: 

C.v.  Engrs  ,  Vol.  X.  (1881),  p.  2.51-274. 
Railroad.    Eff  ct  of,  on   the    Value  of  Lands.     By  Gen.  W.  S.  Rose^rans.     Contains 

rules  for  calculating  the  value  of  land  on  a  basis  of  its  distance  from  the  railroad. 

Van  Nos.  Eng.  Mag.,  Vol.  VIII.,  p.  540. 

Ferry.    A  brief  description,  with  drawing  showing  details  of  the  inclines,  etc..  for 

the  proposed  feiry  across  the  river  Ganges.    Engineer,  March  11,  1887. 

,  Green  Mountain.     Description  of  the  rack  railroad  at  Mount  Desert,  Maine. 

Eng.  Neics,  Jan.  22,  1887. 

,  Inclined,  at  Lookout  Mountain.    Fully  described   and   illustrated.    A  three-rail 

road,  operated  by  wire  cable.     Trans.  Am.  Inst.  Min.  Engrs.,  Duluth  meetiii;^.  1887. 

Transition  C^irves.    By  Wm.   G.   Raymond.     Development  of  working  equations 

and  corresponding  tables  f  ;r  cubic-parabola  curves.  Details  of  methods  for  setting 
out  given.  Probably  the  most  convenient  tables  yet  published.  Tran.  Tech.  Soc. 
Pac.  Coast,  Vol  III.,. p.  33. 

.  Regulations  for  the  Engineering  Department  of  the  South  Pennsylvania  Rail- 
road during  construction.    Eng.  News,  Jan.  15,  22,  etc.,  1887. 

.    On  the  tramways  at:d  narrow  guage  roads  of  7^«??/.    By  Jiittner.    Archie  fUr 


Eisenbahmvesen,  1886,  pp.  478-502.    Laws,  traffic,  construction  and  managejnent 
briefly  discussed. 

.    The  railroads  of  Austria- Hungary  in    1883  (statistics  entirely).    Archiv  fiir 

Eisenbahnwesen,  1886,  pp.  503-512. 
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Railroad.    Statistics  regarding  traffic,  etc.,  on  the  railroads  of  England,   Germany, 
Italy,  and  Russia.    Archivfiir  Eisenbahnwesen,  1888,  pp.  637-704. 

of  France.    {Statistics  for  1884.)    Archiv  fiir  Eisenbahnwesen.  1886,  pp.  519- 

o42. 

,  Government  Control  of.     By  J.  F.  Schruber.     Archiv  fiir  Eisenbahnwesen, 

1886,  pp.  457,  478. 

.    An  article  giving  details  of  tests  made  on  the  centre  rail  system  in  Brazil.    Yan 

Nos.  En(j.  Mag..,  Vol.  VII.,  p.  394. 

,  Tire  'Breakages  on  German.    A  very  valuable  article  condensed  from  the  report 

of  the  Society  of  State  Railroad  Officers  of  the  (German  Railroads,  which  contains  a 
thorough  study  of  the  breakages  of  wheel  tires  for  1886.    R.  R.  Gaz.,  July  15,  1887. 

.    Gives  description  of  the  permanent  way  of  the  London  &  Northwestern  Rail- 
road.    R.  R.  Gaz.,  July  8,  1887. 

Oi  erating  Expenses.    A  table  showing  the  ratios  or  the  items  of  operating  ex- 


penses to  the  total  operating  expenses.     Deduced  from  the  annual   report  of  the 
President  of  the  Union  Pacific  Railroad.    R.  R.  Gaz.,  June  3,  1887. 
— ,  The  Festiiiiog,  as  a  Type.    A  short  history  of  tberoad,  with  a  discussion,  bear- 
ing on  the  question  of  broad  m.  narrow  gauges.     V(tn  Nos.  Eiig.  Mag.,  Vol.  VIII., 
p.  305. 

— .  A  map  showing  an  interesting  piece  of  work  where  che  Western  North  Carolina 
crosses  the  Blue  Ridge  3Iountains,  18  miles  from  Ashe ville,  R.  R.  (Ja^;.,  March  4, 
1887;  also  Sci.  Am.  Svpple.,  March  26,  1887. 

— ,  The  Harz  R.  R.  Combined  adhesion  and  rack-rail.  Description  of  road  and 
locomotives.    Illustrated,    ZeitscJit  if t  fiir  Bauivesen,  188Q,  -pp.  71-86. 

— ,  Schuylkill  River,  East  Side.  By  H.  T.  Douglas.  Gives  details  of  the  work  at 
Philadelphia:  shows  tunnel  sections,  etc.    Eng.  News,  March  5,  1887. 

—  in  New  Regions.  A  review  of  the  American  practice  from  a  French  authority. 
Treats  of  bridges,  worKshps,  car?,  etc. ;  also  of  engineering  In  the  Rocky  Mountains. 
Illustiated.    Sci.  Am.  SuppL,  April  'i  and  9, 

— ,  Elevated,  in  Netv  York.  Report  of  Com.  of  Am.  Soc.  on  Rapid  Tranhit  and 
Terminal  Freight  Facilities  at  New  York  O.  Chaunte,  chairman.  A  valuable 
report.  Trans.  Am.  Soc.  Civ.  Engrs.,  Vol,  IV,  (1875),  p.  1-SO.  Discuss. on,  p.  '.240- 
2*33. 

— ,  Elevated.     The  Construction  of  the  Second  ave.  line,  New  York.    By  G.  T.  Hall. 


Describes  details,  special  rr-ethods  of  obtaining  foundations,  etc.    Fully  illustrated. 

Trans.  Am.  Soc.  Civ.  Engrs.,  Vol,  X,  (1881),  p.  107-134. 
,  The  Metropolitan,  of  Berlin.    Gives  details  of  the  elevated  railroad  in  Berlin.  R. 

R.  Giz.,  May  6, 1887. 
,  Midler's  Rope.    Gives  a  short  description  of  the  above  system,  which  is  adapted 

for  factory  use.     Van  Nos.  Eng.  Mag.,  Vol.  IX.,  p.  118. 
,  Mount  Pilatus.    Gives  description  of  the  rack-rail  road 'now  being  constructed  up 

Mount  Pilatus,  Switzerland.    Double  page  plate  showing  details  of  locomotive  and 

carriage,  and  cuts;  showing  details,  construction  of   rack-rail,  etc.    Engineering, 

May  13,  1887, 
,  City  Underground.    Gives    some    of  the  engineering  difficulties  of  the  London 

Metropolitan  Railroad.     Van  Nos.  Eng.  Mag.,  Vol.  I,,  p  98. 
and  thiir  Future  Development.    By  J,  W.  Grover,     Van  Nos.  Eng.  Mag.,  Y A. 

VIlI.,p.  531.  ' 
,  Traction  Rope.    By  D.  J.  Miller,    A  valuable  paper  on  cable  roads.     Treats  of 

conduits,  pulley  vaults,  drainage,  curves,  cables,  atd  gives  an  estimate  of  cost.     Il- 
lustrated. Jour.  Assoc.  Eng.  Soc,  Vol,  VI,,  p.  201,   Eng.  News,  June  4  and  11, 1887, 

Abs  racted  in  72.  R.  Gaz.,  June  4, 1887, 
,  TheAbt  System  of ,  for  Steep  Inclines.    By  W.  W.  Evan=,  before  the  Am.  Sec,  of 

.C.  E.    R.  R  Gaz.,  Jan.  7  and  14,  1887, 
,  Track,  Metallic.    By  E.  E.  Russell  Tratman.    A  translation  of  a  very  complete 

and  interesting  article.    By  Mr.  Cantogue.  In  Memoires  de  la  Socieie  des  Ingenieurs 

Civils,  July,  1886.     In  Eng.  Neivs,  Jan,  29,  1887. 
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Railroad,  later-Metropolitan.  By  O.  T.  Nichols.  GJves  details  of  the  project  of  the 
road  to  begin  at  Union  Sq[uare,  pass  through  tunnel  to  Brooklyn,  to  Bushwick  and 
Wallabout  avenues,  to  City  Halls,  Brooklyn  and  New  York,  thence  to  Union  Square. 
A  circuit  of  about  ten  miles,  three  of  which  are  over  viaducts  and  seven  mile.s  in 
three  different  tunnels.    Rens.  Soc.  Engrs.,  Vol.  1.  p.  163. 

Policy  (Old  Rates  in  France.     By  Herr  Uirieh.     Interesting  account  of  discussion 

on  this  subject  in  the  French  Chauiber.  Archiv  fiir  Eisenbahnwesen,  November 
and  December,  18S6,  pp.  725-748. 

-I! Freight  Traffic,  The  Elements  of  Cost  of.     By  O.  Chanute.     The  paper  discusses 

the  various  elements  of  costs  and  the  manner  in  which  they  burden  the  traffic 
differently  upon  several  roads  ;  points  of  their  numerous  combination,  and  gives 
general  deductions.    Trans.  Am.  Soc.  of  C.  E.,  Vol.  II.,  p.  381. 

Location.     The  Descent  from  Boreas  Summit  to  Breckenrldge,   Col.,   on    the 

Denver  6:  South  Park  Railway.  Plans,  maps,  profile  and  perspective  view,  with  de- 
scription, in  R.  R.  Gazette,  Dec.  24,  1886. 

.  Principles  of.    By  Prof.  C.  D.  Jameson.     An  extensive  work,  begun  in  serial 

form  in  the  November  Number  of  the  Railroad  and  Engineering  Journal,  1887. 
Promises  to  be  a  very  clexr  expDslcioa  of  the  subject,  accessable  to  those  not 
familiar  with  the  higher  mathematics. 

.     The  American   Lne  from  Vera  Cruz  to  the  City  of  Mexico.     B3'  A.  M.  Welling 

ton.  A  paper  read  before  the  annual  convention  of  the  American  Society  of  Civil 
Engineers,  describing  the  location  and  partial  construction  of  the  above  line,  with 
notes  on  the  b?st  methods  of  surmounting  high  elevations  by  rail.  Discusses  switch- 
backs and  spirals.  Accompanied  by  maps  and  profiles.  Trans.  Am.  Soc.  C.  E., 
November,  1886. 

,  English  and  American  Compared.    By  E.  B.  Dorsey.    A  supplementary  paper. 

Gives  tables  showing  the  cost  of  transportation  of  freight  and  passengers  on  some 
of  the  leading  English  and  American  roads.  Also  cost  of  maintenance  of  way, 
repairs  and  renewal  of  locomotives,  motive  power  and  total  opera' ing  expenses. 
Also,  discussion  on  the  same.     Trans.  Am.  Soc.  C.  E.,  November,  1886. 

,  Method  of  Reducing  the  Cost  of.    By  Alfred   F.  Sears.    Advocates  the  building 

of  narrow  road-bed,  leaving  the  sides  of  the  cuts  untrimmed,  etc.  Also  contains  a 
description  of  tbe  iron  caisson  of  the  pivot  pier  of  the  Hackensack  draw-bridge. 
Trans,  jim.  Soc.  C.  E.,  Vol.  II.,  p.  1. 

,  Austrian-Hungarian.    Gives  general  statistics,   details  of  construction,   opera- 
tion and  rolling  stock.    Illustrated.    R.  R.  Gaz.,  Aug.  19,  1887. 

,  Coaling  Station.    Gives  a  brief  description,  with  plans  and  cross-section,  of  the 

new  coaling  station  of  the  Pennsylvania  Railroad  near  the  Hackensack  River.  R.  R. 
Gaz.,  Sept.  2,  1886. 

,  Dining  Car.    Gives  plan,  cross-sections  and  specifications  for  a  dinin.?  car  for 

the  Michigan  Central  R.  R.    R.  R.  Gaz.,  Aug.  19, 1887. 

,  Elevated,  in  Vienna.    Lively  discussion  regarding  the  projects  that  have  been 

proposed  by  the  Austrian  Soc.  of  Engineers.  Wochenschr.  d.  Oester.  Ing.  u.  Arch. 
Vereins,  1886,  N6s.  19,  20,  21,  22,  23. 

,  History  of,  betiveen  Cleveland  and  Chicago.     By  J.  H.  Sargent.     Gives  history 


of  the  construction  of  the  early  roads,  and  details  some  of  the  methods  employed. 

Jour.  Assoc.  Eng.  Soc,  Sept.,  1887,  and  R.  R.  Gaz.,  Sept.  30,  1887. 
.    Life  of  Ties  and  Rails.    Gives  tables  of  statistics  of  sleepers  and  rails  on  the 

German  Railroad.    R.  R.  Gaz.,  Aug.  26,  1887. 
.  Working  Single  Track.     Abstracted  from  a  paper  by  W.  K.  Muir  before  tbe  Mon- 
treal meeting  of  the  British  Asso.    R.  R.  Gaz.,  Feb.  4,  1887. 
.  Early  History  of.    By  J.  Dutton  Steele.    Gives  short  account  of  the  early  history 

of  railways  and  origin  of  gauge  in  England  and  United  States.     Trana.  Am.  Soc.   C. 

E.,  Vol.  II.,  p.  53. 
,  Resistance  of  Trains  o>i.     By  M.  Desdouits.      Gives  the  results  of  a  long  series  of 

experimental  investigation  of  the  resistance  of  locomotives  and  trains  and  railways. 

Abstracted  from  Annates  des  Mines.  Vol.  Vlfl.,  p.  481,  in  R.  R.   one/  Eng.  Journal, 

Feb.,  3887. 
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Railroads  in  Belgium.  By  S.  Soanenschein.  Or{?anizatioQ  of  branch  and  local  roads 
with  laws  respecting  them.  Archiv  fiir  Eisenbaknwcsen,  November  and  December, 
1886.  pp.  748-784;  also  statistics  of  Belgian  roads  for  18^3-84,  on  pp.  785-793. 

.     Statistics  of  Construction.     A  map  showing  the  railroads  constructed,  sur» 

veyed  and  projected  from  Jan.  1,  1887,  to  date,  with  texi;  giving  terminal  point  and 
lergth  of  lines  in  States  east  of  Chicago.    Eng.  News,  < Jot   8.  18S7, 

Ties,  Post's  Iron.    Diustrated.    Railroad  Gazette,  Sej)t.  9.  1S87. 

.    Reminiscences  and  Experiences  of  early  ergireerinir  operations  on  railroads 

with  especial  reference  to  steep  inclines.  By  W.  Miluur  Koberts.  Trans.  Am.  SoC' 
Civ.  Engrs.,  Vol    VII.  (1878),  p.  197-215. 

.    Speed  on  Future'Trunk  Freight  Lines.    By  R\issell  Sage.     Discusses  the  num- 

bf  r  of  engines,  cars  and  employes  that  will  have  t>be  employed  under  various  con- 
ditions of  train  speed.     Van  Nos.  Eng.  Mag.,  Vol.  VIII.,  p.  460. 

.    An  answer  to  some  criticisms  on  the  above  article.      Van  Nos.  Eng.  Mag.,  Vol. 

IX.,  p.  7. 
.    The  early  history  of  railroads  and  origin  of  gauge.    Van  Nos.  Eng.  Mag.,  Vol. 

VII.,  p.  502. 

.     History  of,  in  Russia.    By  H.  Claus.    Short  account  of  the  principal  roads. 

Archiv  fiir  Eisenbahmoesen,  Jan.  and  Feb.,  1887,  pp.  50-66. 

.    Constant  and  variable  operating  defenses.     By  Lympher.    With  a  note  by  W. 

V.  Nordling.    Archiv  f.  Eisenbahnwesen,  Jan.  and  Ftb,.,  1887,  pp.  67-89. 

Signaling,  by  Electricity  and  otherwise.    Two  papere  by  Geo.  W.  Blodgett  and 

G.  R.  Hardy,  Boston.  Essential  conditions  discussed.  Jour.  Assoc.  Eng.  Soc,  Vol. 
v.,  pp.  431  and  437. 

.    Accounts  and  returns.    By  Wm.  P.  Shinn.    Gives  suggestions  derived  from  eX" 

perience.  as  to  the  proper  requirements  in  keeping  accounts  and  giving  returns. 
With  discussion.    Trans.  Am.  Soc.  Civ.  Engr.,  Vol.  V.,  p.  215. 

Building.    A  map  printed  in  colors,  showing  the  location  of  railroads  built  in. 

1886.  is  given  in  Eng.  News,  July  9,  1887. 

,  The  Cardenas  dt  Jucaro.  Gives  historical  sketch  of  road ;  also  treats  of  its  oper- 


ating expense:^,  construction  contracts,  co.st  of  construction,  equipment,  etc.    R.  R, 

Gaz  ,  July  29  and  Aug.  5,  1887. 
— .  Cars.    The  warming,  ventilating  and  lighting  of.  Paper  by  J.  D.  Barnett,  Covers 

32  pp..  including  discussions.     Trans.  Can  Soc.  Civ..  Eng.,  Vol.  I.  (1887),  p.  72. 
—  in  India  and  Burma.     By  H  S.  Hailett.    A  paper  before  the  Soc.  of  Arts  advo- 


cating the  borrowing  of  £40,000,000  a  year  for  10  years  for  the  construction  of  rail- 
ways in  India  and  Burma.    Jour.  Soc  of  Arts,  March  4,  1887. 

,  Single  Rail.    Gives  a  historical  review  of  the  subiect,  and  describes  the  road 

constructed  en  the  Lartique  system  at  Westminster,  with  cost.  Sci.  Am.  Supple.^ 
March  12,1887. 

,  Underground.    Comparison  of  the  different  systems  in  London.    Van  Nos.  Eng, 

Mag.,  Vol.  I.,  p.  337. 

.     See  Resistance  of  Trains  en. 

,  Permanent  Way  of,  in  Great  Britain  and  Ireland,  with  especial  reference  to 

the  use  of  timber,  preserved  and  unpreserved.  Compiled  by  John  Bog  art  from 
information  received  from  engineers  in  charge  of  those  railways.  Gives  tabular 
survey  of  information  and  many  illustrations.  Trans.  Am,.  Soc.  Civ.  Engrs.,  Vol. 
VIII.  (1879),  p.  17. 

,  History  of  the  L.  S.  <&  M  S.    By  C.  P  Leland.    Gives  history'of  early  roads  that 

were  consolidated  to  form  the  Lake  Shore  &  Michigan  Southern  Railway.  Jour, 
Assoc.  Eng.  Soc,  September,  1887,  and  R.  R.  Gaz.,  Sopr.  23,  1887. 

Project,  Indo-European.    Gives  map  showing  the  location  of  the  English  route 

from  Constantinople  to  India,  and  a  description  of  the  country.  Eng.  News,  Aug. 
27,  1887. 

,  Change  of    Gauge  of  Southern  in  1886.    By  C  H.   Hudson.     An  interesting 

description  of  the  changing  of  the  gauges  of  a  large  number  of  the  railroads  ia  the 
Southern  States  in  1886.  Gives  plans  and  methods  in  both  track  and  machinery 
departments,  als->  cost  of  the  work.  Illustrated.  Jour.  Assoc.  Eng.  Soc,  Vol.  VI., 
p.  368.     ^.  iR  Gaz.,  Nov.  11,  1887. 
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Railroads,  S^rcef,  Electric.  By  G.  W.  Mansfield.  Gives  comparison  of  the  cost  of 
construction  and  t-peration  of  cable,  horse  and  electric  street  railroads.  Sci.  Am.' 
Sup.,  Sejtt.  17,  L887. 

SAilroBi.d  Construction  over  the  Eaton  Mis.  By  Jas.  D.  Burr.  Illustrated  by  maps 
and  profiles  of  the  Atchison,  Topeka  &  Santa  Fe  Railroad.  Also  the  performances 
of  locomotives  on  the  siecp  grades.  Trans.  Am.  Soc.  Civ.  Engrs.,  Vol.  VIII.  (1879), 
p.  295-310. 

Railways,  Elevated,  of  New  York.  Gives  Review  of  the  Manhattan  Elevated  Railroad, 
uumber  of  its  employes,  and  other  data  and  statistics.  R.  E.  Gaz.,  July  15,  '22  and 
29, 1887.    Sci.  Am.  Sup.,  Sept.  24,  1887. 

Rainfall  Received  and  Collected  on  the  Water-Sheds  of  Sudbury  Elver  and  Cochiti  ate 
and  Mystic  Lakes,  Mass.  Records  from  1863  to  1885  by  months.  Shows  that  in 
dry  years  not  more  than  ten  inches  can  be  collected.  The  most  complete  and  valua- 
ble American  record.    Jour.  Assoc.  Eng.  Soc,  Vol.  V.,  p.  395.    See  Water  Supply. 

,  Distribution  of  during  a  great  storm  in  New  England  in  1869.    By  J.  B.  Francis. 

The  maximum  fall  was  over  twelve  inches  in  tsvo  days.    Mdp  given  showing  distri 
bution.     TroAis.  Am.  Soc.  Civ.  Engrs.,  Vol.  VII.  (1878),  pp.  ii24-235. 

Rapid  Transit,  New  York.  An  editorial  showing  the  increase  in  number  of  trips  per 
inhabitant,  eic,  and  points  out  its  bearing  on  construction  of  rapid  transit  lines. 
Eng.  Neics,  April  2J,  1887. 

Refrigrerating  Machines,  Pontifex.  A  rer«ori  of  a  board  of  experts  appointed  to  test 
the  machiLCs  erected  for  the  Brooklyn  Bridge  Refrigeradeg  and  (Jold  Storage 
Comoaoy.  The  maehiu'-s  were  to  b8  equal  to  40,000  lbs.  of  ice  per  24  hours.  They 
showed  Q%  excess  above  the  rtquu'ement,    Eens.  Soc.  of  Engrs.,  Vol.  I,  p.  144. 

, an  American  Ammonia.    A  description,  fully  illustrated,  of  the  Wood  &  Shipley 

machine.     Engineer,  Feb.  4,  1887. 

Regenerative  Furnace .    See  Siemens. 

Registry  Bureaux.    By  John  H.  Dye.    Gives  details  of  the  system  used  in  Philadel- 
phia for  the  registration  of  lots.    A  valuible  article.    i?ngr.  iVerts,  March  12andJ9, 
.    1887. 

Reflection  Telemeters.  By  Professor  Jordan.  Interesting  historical  and  descriptive 
notice.    Zeitschr.  fiir  Vermessungswesen,  1887,  pp.  217-226. 

Reservoir.  The  Molterno.  By  Chas.  J.  Wood.  Gives  details  of  the  failure  of  the  above 
reservoir  at  Cape  Town,  caused  by  fissures  in  the  earth;  also  description  of  the 
methods  used  in  its  repairs.    Inst,  of  Civil  Eng.,  Vol.  LXXXIX  ,  p.  285. 

— Walls,  On  the  Construction  of.  By  M.  A.  Manchal,  before  the  Philadelphia  Engi- 
neers' Club.  Gives  diagram  showing  the  numberjof  cubic  yards  of  masonry  contained 
in  dams  for  depth  of  water  varying  from  0  to  200  ft.  Am.  Engr.,  June  8,  1887. 

-— .    Gives  some  of  the  most  important  features  in  the  construction  of  large  reser- 

voir.«  for  irrigation  purposes.     Abstracted  from  Inst,  of  C.  E.  in  Eng.  News,  Jan.  8, 
•    1887. 

Dams.    Some  important  notes  on  their  construction,  from  recent  experiments 

and  failures.  From  the  Italian.  Van  Nos.  Eng.  Mag.,  Vol.  XXXV.,  p.  445, 
December,  1886 

Dams     By  David  Gravel!  before  the  Society  of   Civil  and  Mechanical  Engineers. 

The  paper  brings  together,  in  a  convenient  form,  the  sections  and  salient  facts  con- 
cerning many  dams.    Illustrated  by  profile  of  many  dams.    Engineer, 'Ka.rch'i.l 
18, 1887;  also,  Sci.  Am.  Supple.,  May  28, 1887. 

^  the  Construction  of.    Gives  details  of  the  construction  of  the  Dale  Dyke  embank- 
ment and  the  D.-uid  Lake  reservoir.      Also  points  out  the  causes  of  their  failure 
Van  Nos.  Engr,  Mag.,  Vol.  I. ,  p  265. 

for    Railroads,  Mills,   etc.       By  S.  F.   I^alcom,    before  the  Illinois  Society   of 

Engineers  and  Surveyors.  Gives  the  cost  of  constructing  a  first-class  water  station 
on  the  Illinois  Central  R.  R.,  including  reservoir.  Gives  directions  for  constructing 
reservoirs.    E.  R.  Gaz.,  Nov.  11   1887. 

^  Service.      A  most  excellent  paper,  by  Thos.   Duncanson,    on   Service  Reser 

voirs,  covered  and  uncovered,  but  mostly  devoted  to  the  former.  Gives  many  plans 
and  elevations.    Trans  Liverpool  Eng.  Soc,  Vol.  VI..  pp.  118-136. 


l^'DEX    DEPARTMENT.  495 

Sesistance  of  Materials  to  Repeated  Loadn.  Some  uew  and  important  facts 
covered  by  Prof.  Kauschinger  reviewed  by  Prof.  Unwia  in  Engineer,  Dec.  30, 
1886. 

of  ve.ssels  in  confined  channels  and  its  effect,  on  the  dimensions  of  navigation 


canals.  By  M.  Graevell.  Interesting:  to  students  of  theoretical  hydraulics.  Der 
Civil  Ingenieur,  1887,  pp.  98-110. 

of  Trains  on  Railroads.    Abstract  of  paper  in  Aunales  des  Mines,  by 

Desc'ouits.  Gives  the  results  of  a  long  series  of  experimental  investigations  of  the 
resistance  of  locomotives  and  trains  on  railways.  2"he  Railrond  and  Engineering 
Jouinal.  February,  1887. 

.    By  Wm.  Shinn.    Gives  data  obtained  while  experimenting  with  the  dynagraph 

on  the  L.  S.  &  M.  S.  R.  R.     Trans.  Am.  Soc.  Civ.  Engrs.,  Vol.  V.,  p.  341. 

,  Experiments  on.    By  A.  M.  Wellington,  under  the  direction  of  Chas.  Paine.  Fully 

i!Iu:trated.  A  valuable  series  of  experiments.  Trans.  Am.  Soc.  Civ.  Engrs.,  Vol. 
YIII.  (1879),  p.  t>l-54. 

.    A  four-page  abstract  of  some  valuable  experiments  made  in  France.     The 

resistance  detf-rmined  and  analyzed  into  its  component  parts.     Proc.  Inst.  Civ. 

Engr.s.,  Vol.  LXXXVI.,  p.  389. 
'Retaining  ^Wiill.  Quay  and  Oth<r.    By  J.  D.  Van  Buren,  Jr.    Object  of  the  paper 

is    to   establish     practical    formulae     for     the    dimensions    of    quay    and    othei 

retaining  walls.    A    mathematical  discussion.     Trans.  Am.  Hoc.   C.    E.,  Vol.   II., 

p.  193. 
.    By    Arthur     Jacob.    Reviews    the  principles  involved    in    determining    the 

strengtti  of  wa  Is  to  support  earthwork,  and  gives  some  simple  rules.  Van  Nos.  Eng. 

Mog  ,  Vol.  IX  ,  p.  194. 

By  James  S.  Tate.    Gives  methods  for  finding   the  correct  dimensions  of  the 

different  forms  of  wall  that  are  ia  general  use.  Van  Nos.  Eng.  .Mag.,  Vol.  IX., 
p.  495. 

on  the  Southern  Railroad  of  France.    These  are  constructed  on  an  entirely  new 

pattern,  being  shaped  with  triangular  coimterforts,  saving  from  %  to  %  of  the  ma- 
feonry  required  for  vertical  walls.  Abstracted  from  the  French.  Proc.  Inst.  Civ. 
Engrs. ,  Vol .  LXXXVI . ,  p.  396 . 

River  Hydraulics.  Practical  Cousequduces  of  the  Variation  of  the  Wet  Section  of 
A-^ivers.  A  very  valuable  study  of  rivers  of  variable  stage.  By  Robert  E.  Mci^atb. 
Trani.  Am.  Soc.  Civ.  Engrs.,  Vol.  IV.  (1880),  p.  377-390. 

.    See  Gauging  of  Streams. 

Impi-ovements.    Wing  Dams  on  the  Upper  Mississippi.     By  Ed.  P.  North.    Gives 

msthods,  cost  and  results.    Trans.  Am.  Soc.  Civ.  Engr.,  Vol.  VI.  (1877),  p.  26S-276. 

— — .    Lock  and  Dam  No.  6,  Karawha  River.     Described  by  the  Res.  Engr..  A.  M 

cott.    Eagr.  News,  Nov.  20,  1886. 
Methods  employed  and  results  obtained  on  the  River  Tees.   Illustrated     Channel 


obtained  over  bar  at  mouth.    Proc.  Inst.  Civ.  Engrs.,  Vol.XC,  pp.  344-354. 

On  the  River  Seine-    By  Vernoa-Harcourt.    A  paper  which  considers  :  I.    The 

Hydrology  of  the  Seine.  II.  Inland  Navigafcion  Improvement  Works.  III.  Estuary 
Works.  Thi?  river  furnishes  one  of  the  most  interesting  studies  to  be  found  in  the 
department  of  river  physics.  Floods  and  their  prediction,  movable  dams  and  train- 
ing works,  and  the  jetties  and  otber  works  at  its  mouth  are  among  the  problems  here 
discussed.  The  whole  occupies  over  150  pages  in  Proc.  Inst.  Civ.  Engrs.,  Vol. 
LXXXIV.,  p.  210. 

,  Mississipjn.    A  discussion  of  what  has  been  done,  of  the  results  obtained,  and  of 

what  may  be  expected.  Estimates  $100,000,000  necessary  to  obtain  low  water 
depths  of  12  ft.  to  Vicksburg,  10  ft.  to  Cairo.  8  ft.  to  St.  Louis,  5  ft.  to  Keokuk  and 
3  ft.  to  St.  Paul.  Undertakes  to  show  why  greater  results  are  unattainable  by  the 
methods  employed,  also  that  these  methods  are  the  only  ones  available  for  the  Mis- 
sissippi.   R.  R.  Gaz.,  April  22,  29,  etc.,  1887. 

—  Pollution.  By  J.  P.  Kirkwood.  An  abstract  from  the  report  of  the  Massa- 
chusetts Board  of  Health.  A  valuable  article.  Van  Nos.  Eng.  Mag.,  Vol.  XVI.. 
p.  146. 
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River  Improvement,  Clyde.  A  paper  by  C.  A.  Stevenson,  before  the  Institution  of 
Mechanical  Engineers,  describing  the  dredgiug  of  the  lower  Clyde  estuary.  Gives 
full  description  of  the  hr  pper  dredge  used  there.    Engineering,  Sept.  9.  1887. 

,  The  Kanawha.    Gives  views  of  the  movable  dams,  taken  during  construction. 

Sections  of  dam  and  details  of  tripping-bar^.    San.  Engr.,  Oct.  22,  1887. 

Rivers,  TAe  Discharge  of .  By  David  Stevenson.  Remarks  on  the  methods  employed 
to  determine  velocity,  direction  of  currents,  sediment,  etc.,  of  rivers.  VanNos.  Eng. 
Mag.,Yo\.  VII.,  p.  290. 

Works,  Newer,  on  the  Isar.  By  A.  Wolf.  Protection  of  bants,  training  walls,  etc. 

With  illustrations.    Zeitsch.f.  Bauwesen,  18S6,  pp.  516-527. 

—,  Tidal.      The  Horizontal  Range  of  Floia  of  a  given  particle  of  vcaier  during 

the  ebb  and  flow  of  a  single  tide.    The  discussion  bears  on  the  discharge  of  sewage 
wirh  such  streams.    Illustrated.     Froc.  Inst.  Civ.  Engrs.,  Vol.  LXXXVI.,  p.  253. 

Rivets  and  Riveting:.     By  Martin  Balcke.     Van  Nos.  Eng.  Mag.,  Vol.  I.,  p.  593. 

Riveting:.  Abstracted  frum  M.  Consid^r's  article  in  Annates  des  Fonts  et  Chaussees 
giving  the  results  of  a  series  cf  experiments  made  to  ascerfaia  ihe  additional 
strength  obtained  in  riveted  connection  by  the  frictional  resistance  caused  by  the 
shrinking  or'  the  rivets.    R.  R.  Gaz.,  Feb.  11, 18S7. 

Riveting:  Machine.  A  description  of  the  tube  riveting  machine  used  on  the 
Forth  Bridge.     San.  Engr.,  Oct.  22,  1837.    Engineering,  Sept.  9,  1887- 

Roads,  Their  Constmction  and  Maintenance.  By  Ed.  P.  North.  Gives  American 
and  European  practice  m  the  case  of  Earth,  Macadam,  Stone,  Wocd  and  Asphalt 
paveaients:  also  specifications,  cost,  cuts  of  tools,  rollers,  &c.  Tr.  Am.  Soc.  Civ. 
Engr.,  Vol.  VIII.  ( i879),  p.  95-147.    Discussion,  p.  333-380. 

,  Repair  and  Maintenance  of.  By  W.  H.  Wheeler.  Contains  many  good  sugges- 
tions on  the  maintenance  of  roads.    San.  Eng.,  June  25.  1887. 

Rock  Boring:  Machinery.  8hows  results  obtained  by  use  of  the  diamond  drill.  Van 
Nos.  Eng.  Mag.,  Vol.  IX.,  p.  438. 

Drill,  the  Githens.    An  illustrated  description  of  a  direct  acting  percussion  drill. 

Its  distinuuishing  features  are  ihe  valve  motion,  rotation,  front  head  and  feed  screw 
connection.     Eng.  News,  March  26, 1887. 

Roof.  Description  of  the  collapsed  roof  of  the  Norway  Iron-Works,  South  Boston. 
San.  Eng.,  March  19,  1887. 

.    On  the  design  and  proportions  of  painted  roofs.     Van  Nos.  Eng.  Mag.,  Yol. 

VIII.,  p.  62. 

.    A  description  of  the  roof  trusses  of  the  Manchester  Jubilee  Exhibition. 

Roof  Truss,  Armory.  Bu^'alo.  A  descciDtion,  with  plans,  elevation  and  details,  of  the 
10  roof  trusses,  180  feet  span,  at  the  74th  Regiment  Armory,  Buffalo,  N  Y. ;  also 
details  of  the  rolling  scaffold  used  in  erecting  them.    San.  Eng  ,  Oct.  29,  1887. 

Roller  Mills,  Tesf  o/Po?.uerm.  By  Henry  Simon.  Gives  records  of  tests  as  to  the 
power  consumed  by  various  machines  used  in  a  roller  mill.     Engineer,  July  8, 1887. 

Rumford's  Determination  of  the  Mechanical  Equivahnt  of  Heat.    See  Heat. 

Sand,  The  Thrust  of.  Gives  a  new  experimental  method  of  studying  the  reactions 
b'^tween  a  mass  of  earth  and  its  supporting  wall,  and  details  some  experiments  made 
with  the  method.    Sci.  Am.  Supple.,  Sept.  3,  1887. 

Sand-bar  Removal  hy  Sluicing,  and  mechanical  appliances,  at  Liverpool.  Illus- 
trated.   Froc.  Inst.  Civ.  Engrs.,  Vol.  XC,  pp.  308-318. 

SsLnitSLTY  Condition  of  Soil  under  Cities.  By  Dr.  H.  Maris  Davy.  Discusses  the  con- 
tamination and  purification  of  the  ground  water  of  cities.  Eng.  Neivs,  April  2. 
1887. 

Registration  of  Buildings.    The  text  of  a  bill  now  before  the  British  Parliament, 

providing  for  the  sanitary  registration  of  houses  in  London.    San.  Eng.^  May  7, 
1887. 

Appliances  in  %ise  in  Denver,  Col.     A  description   of  the  sewaee    and  water 

systems,  but  especially  a  novel  and  excellent  Flushing  Apparatus  and  Water  Trap, 
illustrated.    San.  Engr.,  July  29,  1886. 
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Sanitary  Ai ranyements  at  Yontreal  during  thesraall-pox  epidemic,  18So.  Describes 
how  the  Exposition  bui'dings  were  fitted  up  for  hospital  purposes.  Many  interest- 
ing prcbJems  in  sanitary  engineering  successfully  solved.  Illustrated.  By  J.  W. 
Hughes,  Engineer.    San.  Engr.,  Nov.  6,  1886. 

Engineering.    A  paper  by  T  leo.  Rosenberg  on  the  drainage  and  plumbing  of 

dwellings.    Jour.  Assoc.  Eng.  Soc.  December,  1883. 

■    Are^'iewof  the  sanitary  condition  in  1838,  and  of  the  progress  made,  being 

the  annual  address  of  Captain  Douglas  Galton,   before  the  Society  of  Arts.    Jour, 
Soc.  Arts,  Nov.  19,  1886. 

Matters,  including  Gaugings  of  Fry  Weather  Flow  in  Sewers;  Water  Sup- 
ply of  New  Orleans  and  Mobile:  Water  Analysis  for  sanitary  purposes;  Sanitary 
Surveys  of  Memphis  and  Baltimore,  etc.,  found  in  An.  Rep.  NaVl  Board  of  Healthy 
1880. 

L^ws  in  Eighteen  States,  giyen  in  App.  C.  of  An.  Rep.  NatH  Board  of  Healthy 

1885. 

Salt  Manufacture  in  Eng-land.  Methods  used  to  dissolve  rock  salt  and  pump  the 
Drit-e  from  a  depth  of  1.300  feet.  Illustrated,  Froc.  Inst .  Civ.  Engrs.,  Yol  XC, 
pp.  131-158;  abstracted  Sci.  Am.  Suppl.,  October  1,  1887;  also  Sau.  Engr.,  Oct.  29, 
1887. 

School  Building-s  and  Grounds  of  the  Lawrenceville  School  for  Boys,  N.  J.  A 
lecent  reconstruction  of  buildicgs,  grounds  ana  sanitary  arrangements  under  the 
best  architects  and  engineers.    Illustrated.    San.  Engr.,  Bee.  4,  I88ti. 

Scows,  Self  Damping.     Described  and  illustrated  in  San.  Engr.,  Jan.  1,  1886. 

Screw  Propellers.  General  considerations  on  their  mode  of  action  and  on  their  con- 
struction. By  A.  Gouilly.  Mem.  ae  li  Soc.  dcs  Ing.  Civils,  February,  1886,  pp . 
16-?-176. 

Sea  Wall,  Scarborough.  A  short  description  of  the  sea  wall  recently  commenced  at 
Scarborough.  Length.  1,"iOO  yaids  ;  width  of  base,  17  feet ;  at  5  feet  face  to  be 
curved  on  radius  of  17  feet  aiid  constructed  of  concrete  block,  2  feet  X  12  in.  x  12 
in.    The  outer  wall  to  be  made  of  For  Jawd  cement.    Engineer,  Jan.  17, 1887. 

Seismograpliy.    Studying  Earthquakes  by  Electricity.    See  Ear'.hquakes. 

Service  Pipes.  On  the  use  of  galvanizid  iron  for  service  pipes.  By  Dr.  H.  Bunte. 
(With  statistics  and  reports  on  its  use  in  America,  by  Prof.  Ripley  Nichols.)  Journal 
f.  Gasbel.  u.  Wasserversorgung,  1887,  pp.  61-69,  102-111,  127-133,  163-169. 

Sewa,ge,  Uiilization  of  Town.  By  Dr.  A.  Carpenter.  A  reply  to  Dr.  Tedy's  piper. 
Gives  much  valuable  information  regarding  sewage  farming,  of  which  he  is  a  strong 
advocate.  Also  contains  reports  from  a  number  of  farms.  Jour.  Soc.  of  Arts,  Feb. 
4. 1887. 

—  —  A  paper  read  by  Mr.  R.  W.  P.  Birch  before  the  Society  of  Municipal  Engineera 
on  the  examination  of  some  recent  experiments  on  sewage  treatment  made  by  Mr. 
W.  J.  Dobin.     Eng.  News,  Sept.  17,  1887. 

and  Garbage  Removal,  European.    By  W.  Howard  White.    Gives  the  methods 

in  vogue  in  a  number  of  T'  uropean  citie?,  with  cost  of  operating  the  same.  Aiso  dis- 
cusses the  di.«posa1  of  garbage  and  describes  Fryer  Patent  Destructor.  Illustrated. 
Trans.  Am.  Soc.  C.  E.,  December,  1886. 

.     A  brief  description  of  the  Astrop  dried  sewage  process.      Enq.   News,  April  3, 

1887. 

.    An  illustrated  article  giving  the  leading  features  of  the  extensive  and  remarka- 
ble works  about  to  be  constructed  at  the  northern  outfall  of  the  London  n:ain  drain 
age,  for  the  purpose  of  purifying  that  part  of  Loncron  sewage.    Engineer.  Feb.  4 
and  II,  1887. 

.  Filter  Fresses  for  the  Treatment  of  Sewage  Sludge.  By  W.  S.  Crimp.  Ab- 
stracted from  a  paper  before  the  Institute  of  Civil  Engineers.  Deals  particularly 
with  filter  presses  as  now  adapted  to  the  treatment  of  sludge.  At  Wintibledon.  250 
tons  are  reduced  by  means  of  two  presses  to  50  tons  containing  .'iO  per  cent,  of  mois 
ture.    Engineer,  Feb.  25, 1887.     Sci.  Am.  Supple  ,  April  9,  1887. 
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Sewag-e.    Sludye  and  its  Disposal.    By  W.  J.  Dibain.    Abstracted  from  a  paper  before 

lUe  Inst,  of  0.  E.    Engineer,  Feb.  25,  1887. 
.     A  brief  illustrated  description  of  pumps  for  sewage  and  sludge  at  Waltham- 

stow,  Eng.    San.  Lag  ,  Jan.  8,  1887. 

Dispofial.    Discussion  on  the  paper  presented  to  the  Soc.  of  Arts  by  Dr.  Sidy. 

Jour.  Soc.  Arts,  Dee.  3  and  17,  1886. 

Disposal  at  the  Massachus.setfs  Reformatory.     From  report  of  William  Wteeler, 

Engineer.  Involvrs  pumping  and  disposal  on  land.  Many  good  features.  II  ustrated. 
San.  Ewjr.,  Dec.  18,  1886. 

■  Disposal.    The  Pet>  ie  System     Report  of  Dr.  C.  Dischofif  on  the  efficiency  of  the 

system  which  is  in  use  in  Berlin.  It  consists  in  flltrations  through  turf,  dust,  and 
gravel,  and  the  i  precipitation  by  lime.  5  pp.  in  An.  Rep.  Nat' I  Board  of  Health, 
1883. 

Farm  at  Saltley.  Birmingham,  Eng  This  is  a  farm  rf  over  1.200  acres,  receiv- 
ing: the  drainage  from  over  half  a  million  peo.  le.  The  sewage  first  treated  by  the 
Iiroe  process.  Probably  the  bes' example  of  sewage  farming  in  Englacd.  A  paper 
read  before  the  Br.  Assoc.  Adv.  Fc  and  leprinted  in  San.  Engr.,  Cct.  7,  1886,  ef 
Sf-q. 

.  Treatment  of .  By  Dr.  r*.  Meymott  Teily.  This  is  a  paper  of  over  60  double- 
column  pages,  treating  the  subj--ct  in  a  scientifie,  economical  and  practical  way.  It 
is  a  mine  of  valuable  information  not  reidiiy  accessible  elsewhere.  Jour,  of  the 
Soc.  of  Arts,  London,  Oct.  8, 1886. 

Works,  Hendon.    An  illustrated  description  of  the  new  sewaee  work-;  at  Welsh 

Harp,  near  Hendon,  recently  constructed.  The  plan  of  treatment  is,  first,  straining 
to  remove  coarse  matter  ;  second,  addition  of  lime  ;  third,  removal  by  settlement 
of  the  su'^p^nded  matter  ;  fonrrh,  decantation  of  clear  water  from  tanfcs  and  its 
purification  by  filtration.    Engineer,  May  6,  1887. 

Sewer  Arches.  Brick  Arches  for  Large  Sewers.  By  Ruiolph  Hering.  Gives  cases 
of  failure  of  such  arches  and  improved  designs.  Illustrated.  Trans.  Am.  Soc.  Civ. 
Engrs,  Yo\.  VII.  (1878.>,  p.  2.52. 

Seweragre,  Henley-on-Thames.  Brief  description  of  the  Shane  process  recently  opeu 
at  Hecley-on-Thames.     Engineering,  Oct.  21,  1887. 

.    A  resume  of  a  memoir  of  M.   C.   H.   Schneider  upon    the  normal  condition 

controlling  the  quantity  of  water  required  in  sewers.    Eng.  Ne^vs,  Sept.  3,  1887. 

Assessments    in   Fall   River,    Mass.      Discu-ises  ibe    b«'Et   method    of   levying 

sewer  taxes  and  gives  the  ordinance  adopted  at  Fall  River.  Eng.  News,  Jan.  8 
1887. 

Calculations.    See  Flow  of  Water  in  Small  Channels. 

Construction  and  Sewage  Disposal.    A  series  of  articles  by  Ed.  S.  Phiibrick, 

begun  ia  San.  Engr.,  Dec.  4,  1886. 

—.  Chiswick.     By  Joseph  Hetheringf on.     Gives  a  detailed  description  of  the  works, 

with  diagrams  showiug  the  effects  of  rain,  tide  and  leakage  on  sewage  flow,  and  par. 

ticulars  of  quantities  of  sewage,  sludge,  etc.    San.  Eng.,  Aug.  20,  etc  ,  1887. 
,  Karachi  City.     Gives  scheme  of  J.  Strachan  for  the  sewering  of  Karachi  City 

and  its  suburbs,  India.    Recommends  irrigation.     Indian  Engineering,  May  7,  et 

seq.,  1887. 

of  Memphis.    By  F.  S.  Odell.    The  separate  system  first  used  here  on  a  large  scale 

in  America.     Trans.  Am.  Soc.  Civ.  Engr.,  Vol.  X..  1881,  pp.  21-52. 

System  at  Netvark,  N.  J.  By  F.  Collingwood.  Gives  descripti-'n  of  the  im- 
proved system  of  sewerage  at  Newark.  N.  J.,  with  illustrations  showing  details  of 
construction.    San.  Eng.,  May  7  and  15.  1887. 

System  of  Neiv  London,   Conn.     First  An.    Rep.   of  the  Commsrs.,   inclufiing 

the  report  of  the  engineer,  W.  H.  Richards;  of  the  consulting  engineer,  Ru  lolph 
Hering;  method  of  assessments;  rules  for  connections,  and  the  city  ordinance  relat- 
ing to  sewers.  Distinguishing  features  of  the  system,  which  includes  intercepting 
sewers  for  system  of  glaz-^d  til"^  drains,  carrying  housei  drainage  only.  Discharges 
only  in  low  tide.    Apply  to  the  Engr..  New  London.  Conn. 
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Sewei-age  of  Providence,  R  I.  A  full  abstract  of  the  report  of  the  committee  appointed 
to  examine  and  report  upon  ibr  plans  of  Mr.  S.  M.  (irev  for  the  disposal  of  city 
sewage.    San.  Eny.,  Jan,  8,  1887.    Also  abstracted  in  Eng.  Neivs,  Jan.  1,  1887. 

of   Toulon.    Note  on  the  projer^t  of  M.  Dyrion.     By  A.   Hanet.    Pop.,  Sf'iOOO; 

mortality.  38.8  per  1,000.  Project  is  to  exclude  rain-water  and  pump  the  sewage  to 
the  sea,  with  possible  use  for  irrigation  to  some  extent.  Est.  cost,  :i,*-iOO^OOO  fr. 
Meni.  de  la  Soc.  des  Ing.  Civils,  Dec,  188.").  pp.  76(>  77G. 

Systems.    By  Rudolnh  Herin?.    A  valuable  article,  giving  results  of  a  study  of 

the  systems  in  use  in  Europe,  and  a  gfn?rd I  rt view  of  tne  diflEerent  methods  avail- 
able.    Trans  Am.  Soc.  Civ.  Engrs  ,  Vol.  X.  (1881),  pp.  301-386. 

.   Description  of  the  intercepting  sewers,  nearly  completed,  at  New  London,  Conn. 

Dlustrated.    San.  Enq.,  March  19,  1887. 

.Determination  of  the  Size  of.    By  R.  E.  McMath.   Undertakes  to  deterffiine  the 

size  of  a  storm  water  sewer,  under  the  cinditions  that  it  shall  carry  oflf  the  water  of 
the  great  storms  of  the  locality,  and  that  no  excess  of  size  and  cost  be  allowed.  Coa 
tains  a  large  amount  of  data,  diagrams  showing  capacity  of  sewers,  etc.  Trans.  Am, 
Soc.  C.  E.,  Vol.  Xn.,  p.  179. 

.    Gives  details  of  the  receiving  and  catch-basins  at  Waterbury,  Mass.    San,  Engr., 

July  9,  188-. 
.    A  brief  description  of  the  syphon  outlet  tor  a  low  sewer  district,  NoriolK,  Va, 

San  Eng.,  April  9,  1S87. 

The  reconstruction  of  the  main  drainage  system  of  the  House  of  Parliament, 


London.    Abstract  from  the  report  of  the  engineer,  Mr.  Isaac  Shane.    San.  Eng.., 
April  •^>,  1887. 

.     Aqueducts  oT  Ancient  Rome.    An  abstract  frem  a  letter  by  Prof.  Rodolpho 

Lar.ciani.  giving  a  brief  description  of   the  works  and  sanitary  regulations  of  the 
city.    Sai.  E^g,,  x\pril  2,  1887. 

,    Egg-Shaved.    Design  and  eou&truction  table,  giviT'g  radii  andare^s,  by  C  G, 

Force,  Jr.    Illustrated.     TV.  Am.  Soc.  Civ.  Eags.,  Vol.  IX.  (1880),  p.  202-205. 

,    Gaugings  of.    Report  by  Geo   E.  Waring,  Jr.,  on  the  gauaiogs  of  sewers, carry 

ing  h(  use  drainage  alone  in  eight  cities  In  the  U.  S.    App.  F.  of  the  An.  Rep.  NaVl 
Board  of  Health,  1880;  H.  Rep.  Ex.  Doc.  No.  8,  46th  Congr.,  3d  Session. 

o/Par/s  described,  and  methods  of  construction  and   cleansi:  g  given,    Engr. 

New.%  Nov.  6,  1886. 

Ventilation  by  Means  of  Coirls  Some  very  satisfactory  results  in  London- 
Cowls  placed  on  tops  of  adjoining  buildings.  Proc.  Inst.  Civ.  Eng  ,  Vol.  LXXXIV., 
p.  362. 

Shafting-,  Flexible.  By  J.  T.  Hall,  An  interesting  and  valuable  paper  on  theuse  of 
flexible  crank  and  propeller  shafting.    Sci.  Am.  Sup.,  Oct.  22, 1887. 

Shaft  Sinking- of  Guersenan  Colliery.  An  abstract  from  an  account  furnished  by  Mr. 
H.  Tomson,  director  of  the  colliery,  contained  in  a  memoir  by  Mr.  U.  Suez,  in  ZciU 
schrift  liir  das  Berg-Hiitten und  Salinen-Wesen,  Vol.  XXXV.  Gives  full  description 
of  the  methods  employed  and  cost  of  operations.    Eng.  News,  Nov.  5, 1887. 

Shaft-Sinking:  under  Difficuties  at  Dorchester  Bay  Tunnel,  of  the  Boston  main  or.vln- 
age.    By  D.  MciN.  Stauflfer.    Shaft  composed  of  iron  at  top  and  timber  at  botKm, 
sunk  in  the  bay  to  a  depth  of  150  feet.    Illustrated.    Trans.  Am.  Soc.  Cv.   Ai^gr.^ 
Vol.  X.  (1881),  p.  34.3-360. 

through  Loose  Materials.    By  A.  McC.  Parker.    A  method  employed  successfully 

at  "  Tilly  Foster"  mine.    Illustrated.    Sch.  of  Mines  Quar.,  Oct.,  1881,  p.  1  6. 

in  Water-bearing  Strata,  near  Dortmund.    Abstracted  from   the.Germn**,  Proc 

List.  Ctv.  Engrs.,  Vol.  XC  ,  p.  330-338. 

Experiments  071  the  Poetsch  Method.    Describes  the  apparatus  empio/ed  and 


gives  rekults  of  the  experiments  directe  J  towara  testing  the  formation  of  ice  around 
ttie  refrigerating  tubes  and  the  resistance  of  frozen  ground.      Annates  des  Mines^ 
Vol.  XI  ,  p.  56  ;  Eng.  News,  Oct.  16,  1887. 
Shearing-  Strength  of  Iron  and  Steel.    Results  of  experiments  at  University  College 
London.     Iroc.  Inst.  Civ.  Engrs.,  Vol.  XC,  p.  .382. 
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Ship,  Steel  and  Iron.  A  paper  by  D.  A.  Quiggin  on  certain  vital  features  in  ship  d e- 
eigningaud  construction  heretofore  neglected.  A  good  paper.  Illustrated.  Trans. 
Liverpool  Eng.  Sac,  Vol.  VI.,  pp.  137-149. 

Ship  Huilding,  Modern  Practice  of.  By  Robt,  Duncan,  b^^fore  the  Inst,  of  Engrs. 
and  Ship-Build,  of  Scotland.     Vari  Nos.  Eng.  Mag.,  Vol.  VIII.,  p.  165. 

Ships.  Modern  War  Ships.  Report  of  a  lecture  b>  W.  H.  White,  Director  of  Naval 
Construction  in  the  British  Navy,  delivered  at  London,  in  January,  1887.  Gives 
valuable  data  regarding  the  dimensions,  speed,  power,  etc.,  of  modern  war  vessels, 
with  tables.     The  Railroad  and  Engineering  Journal,  ]\larch  and  April  Nos.,  1887. 

Ship's  Volume.    See  Volumes  of  Ships. 

Shop  Order  System  of  Accounts.  Three  papers  and  a  discussion,  in  all  60  pages 
coHcerniug  the  iieeping  of  shop  accounts  of  various  kinds.  Very  valuable  to  super- 
intendents.    Trans.  Am  Sac.  Mech.  Engrs.,  Vol.  Vll.,  p.  428. 

Siemens  Reg-enerative  Gas  Furnace,  Recent  Improvements  in.  By  E.  F.  Bamber, 
C.  E.,  London,  Eng.  An  excellent  description  of  the  modern  types  of  furnace  and  gas 
producer,  with  a  clear  explanation  of  the  main  principles  involved.  Illustrated. 
J^nerican  Manufacturer,  April  1,  1887. 

Signals,  Autoni'itie .  Gives  description  of  the  system  employed  on  the  Boston  &  Al- 
bany R.  R.    R.  R.  Gaz.,  June  24,  1887. 

Siphon,  Fritzoe.  Gives  description  of  a  large  siphon  at  the  Fritzoe  Works,  Laurvik, 
Norway.  The  siphons  havs  a  diameter  of  5  ft,  2  in.,  and  a  length  of  82  ft.  Suc- 
tion height,  3  ft.  11  in . ,  and  height  of  fall  cf  4  ft.  8  in. ;  is  made  of  14  ^^-  steel  plate, 
with  cast-iron  mouth  pieces.  Engineering.  July  8, 1887.  Sci.  Am.  Sup.,  Sept.  3, 
1887. 

Slag-s,  Uses  of  Blast  Furnace.  B.  T.  Eglestou.  Describes  the  different  methods 
adapted  in  Europe  to  utilize  slags.     Van  Nos.  Eng.  Mag.,  Vol.  VII.,  p.  38. 

Sliding"  Contact.  Extracts  from  a  lecture  delivered  before  the  Society  of  Arts  on  the 
substitution  of  statical  for  sliding  contact.    A7n.  Eng  ,  Jan.  19,  1887. 

Slide  Rule,  Thatchers.  A  wonderfully  convenient  and  expeditious  calculating  instru- 
ment.    Described  a-d  illustrated  in  Eng.  News,  Dec.  IS,  1886. 

■. Valves,  On  the  Design  of.  By  Prof.  R.  H.  Smith.  Rules  obtained  from  diagram' 

From  The  Engineer  in  Sci.  Amer.  Suppl.,  Dec.  25,  1886. 

Snow  Fence,  An  Automatic.    Illustrated.    Ry.  Rev.,  Jan.  8,  1887. 

Sheds,  Canadian  Pacific  R.  R.  Gives  plan  and  sections  of  the  standard  snow- 
shed  in  use  on  the  Canadian  Pacific  Railroad.    Eng.  Neivs,  Oct.  8,  1887. 

Social  Q,uestions  ablv  discussed,  in  their  various  phrases,  especially  with  reference  to 
relations  between  manufacturers  and  their  employes,  by  many  writers  in  The  Age 
of  Steel,  Jaa.  1.  1887. 

Speed  of  Steam  Vessels,  etc.  Table  in  Railroad  and  Engineering  Journal  for 
April,  1887. 

*'  Speeding-  Up."     By  J.  T.  Hohart.     An  ingenious  and  simpe  method  cf  calculaiing 

the  speed  of  complicated  systems  of  gearing.    Sci.  Am.  Sup.,  Oct.  22, 1887. 
Sprag-ue  Elevated  Railway.    See  Electric  Railway. 

Spur  Wheels,  Strength  of.  By  Francis  Compin.  Van  Nos.  Eng.  Mag.,  Vol.  VI.,  p. 
208. 

Stability,  Deteruiining  Curves  of.  By  John  H.  Heck.  A  piper  read  before  the  Insti- 
tute of  Naval  Architects  giving  a  new  method  of  using  paper  sections  for  determin- 
ing the  cross  curves  of  stability.    Engineering,  April  8,  1887. 

Stadia  Rods.  By  Geo.  J.  Specht.  Description  of  a  good  pattern  for  stadia  rods  for 
long  distances.    Eng.  Netvs,  Jan.  1,  1887. 

.    By  J.  O.  Baker.    Gives  brief  history  of  the  stadia,  discusses  the  principle  and 

formulce.  gives  designs  for  boards  and  diagrams  for  reduction  of  work.    Eng.  News, 
March  12  and  19,  1887. 

St&nd-^ilie,  Seneca  Falls.  Gives  description  of  the  failure  of  the  steel  stand-pipe  at 
Seneca  Falls,  N.  Y.    San.  Engr.,  Nov.  5  to  12,  1887. 
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Stand-Pipes,  FaUiny.  A  brief  account  of  tb  --  failure  of  three  staad-pipes.  Building, 
March  5,  1887. 

.    By  A.  H.  Howland.     Gives  tables  showing  capacity,  miniinum  thickness  of 

metal,  etc.;  also  details  for  a  sfaud-pipe    lUO  ftet  in  height  and  25  feet  in  dianoeter- 
Proc.  Eiuj.  Club  Phila.,  Vol.  VI.,  p.  110. 

Standard  Tirae.  A  piper  recommending  its  adoption.  By  Sandford  Fleming. 
Trans.  Am.  Soc.  Ciu  Engs.,  Vol.  X.  (1881),  p.  3S7. 

Steam,  Use  of  Exh^unt.  By  C.  H.  Maonin?.  A  suggestive  treatment  of  the  subject 
of  interest  to  all  engineers  and  manufacturers.    Sci.  Am.  Sup.,  Oct.  29, 1887. 

Steam,  Sale  of.  By  Chas.  E.  Etnerj.  The  third  Sibley  College  lecture.  Treats  of  the 
meter  system  and  the  use  of  the  polar  planimeter  in  ealculatin,^  the  consumption  of 
steam  by  customers;  also  discusses  the  quantity  of  steam  required  to  heat  buildings. 
Sci.  A7n.  Nhjj.,  Jan.  15,  1887. 

and  Hot  Water.     A  paper  by  Chas  E.   Emery  before  the   American   Society  of 

Mechanical  Engineers  at  Washington,  discussing  tne  comparative  value   of  steam 
and  hot  v.ater  for  the  transmission  of  heat  and  power.    San.  Enyr.,  June  11,  1887. 

on  the  Outflow  of.    By  Prof.  Rankine.     VanNos.  Eng.  Mag.,  Vol.  II.,  p.  116. 

.     The  Temperature  and  Elisticity  of .     By  Alex.   Morton.      Gives  table  of  com- 

pari.^on  of  Regnault's  "  graphic  curve  "  wi  h  Rankine's  formula.     Van  Nos.  Eng. 

Mag.,  Vol.  VI  ,  p.  4H. 

,  Sattcration  Point  of .    ByG.  A.Hirn.    A  mathematical  discussion  of  the  deter- 


mination ot  th^  point  of  saturation   of  steam.      Van  Nos.  Eng.  Mag.,  Vol.  II.,  p. 

354. 
Steam  and  Hot  "Water,  The  Comparative  VaUis  of,  for  Transmitting  Heat  and 

Power.     By  Charles  E.  Emery.      Read  before  the  Am.  Soc.  of  Mech.  Engrs.    Gives 

an  elaborate  discussion.    Sci.  Am.  Sup,,  Oit.  15,  1887. 
Steam-Eng'iae.    E.vperi)ncnts  on  a  steam-engine.    By  M.  A.  Quernel.  Account  of  test, 

with  tables.     Mem.  de  la  Soc.  des  Ing.  Civlls.  Oct.,  18s5,  pp.  461-488. 
~ ,    High  Speed  Engines.    ByPr>t.  R  R.  Werner.  Theoretical  discussion  and  study 

of  different  engines     Zeitrhr.  d.  Vereiiis  deutscher  Ligen/enre,  IHi^G,  ip.  SB'.l,   538, 

553-557,  578-581,  606-609. 
,  Economy.    A  Unifoi  m   Basis  for  Comparison.    By  Chas.  E.  Emery.    Based  on 

the  relation  of  beat  units  to  foot-pounds  of  work.     Trans.  Am.  Soc.  Civ.  Engrs., 

Vol.  VII.  (1878),  p.  60     Discussion  on  p.  1S3. 
,  Notes  on  the  Theory  of.    Part  of  the  course  of  instruction   given  in  the  Royal 

School  of  Naval  Architecture  and  Marine  Engineering.      Van  Nos.  Eng.  Mag.,  Vol. 

VI.,  p  643.. 
.    bee  Friction  of  Non  Condensing. 

,  Radial  Valve  Gears.  An  extended  study  of  this  type  of  ge  ir,  with  the  neces- 
sary mathematics  and  cuts.    Engineering.  Sept.  17.  1886,  et  seq. 

Tests  at   the  Mass.  Inst,  of  Tech.    They  were  made  to  show  the  water  per  H.  P. 

per  hour  ac'ually  used,  and  the  amount  shown  by  the  indicator;  also  the  condensa- 
tion and  re-evaporation  in  the  cylinder.  Methods  and  results  given.  Trans.  A7n. 
Soc.  Mech.  Engrs.,  Vol.  VII..  p.  328 

Steam  Generation  in  Locomotives.  By  Prof.  A.  Frank.  Zeitchr.  d.  Vereins  deut- 
scher  Jngenieure,  1S8Q,  pp.  573-578. 

Steam  Heatng.  Improvements  in.  Abstract  of  a  paper  by  Frederick  Tudor  before  the 
Society  of  Arts,  Boston.  Discusses  hammering  in  pipes  and  control  of  temperature. 
San   J?Hgr?-.,  Dec.  18,  1886.    See  Heating. 

.    A  r^^port  of  the  trial  of  the  steam  heating  boilers  at  Lehigh  University.     Jour. 

Eng.  Soc.  Lehigh  Univ..  Vol.  II,,  p.  120. 

of  Raihrny  Cars.    See  Railroads.     Fee  Heating. 


Steam  Jacket.  By  H.  Hildebrant.  Treats  of  its  action,  advantages  and  disadvan- 
tages.    Van  Nos.  Eng.  Mag.,  Vol.  VIII..  p.  525. 

Steam  Plants  for  Textile  Manufactories .  A  review  of  the  subject,  including  the  con- 
sideration of  high  a'  d  ow  pre.«sure,  typ'^s  of  boilers,  engines,  system  of  working^ 
personnel,  elc.     fir!.  Ant.  Sup  pi .  April  23,  1887. 
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Steamboats  for  Western  Rivers.    See  Iron  Hulls. 

Steamships,  Atlantic.  Valuable  data  concerning:  sixteen  standard  steamers  in  tabu- 
lated form.  Also  a  descriptive  paper  aod  discussion  abstracted  in  ^c.  Am.  Siippl.^ 
Oct.  2,  1886. 

America.     A  description   of  the   distinguishing  features  of  this  fast  sailing  ship. 

By  Robert  Gordon.  Longitudinal  and  transverse  stctions  shown.  Trans.  Am.  Soc, 
Civ.  Engr.,  Vol.  XV  ,  p.  384. 

,  Efficiency.    Gives  details  concerning  the  performance  of  two  vessels  with  patent 

feathering  paddle  wheels  plying  between  New  Haven  and  Dieppe.  Engineer.  Mav 
27, 1884. 

Oroya.    Double  page  plate  showing  plans  of  decks  and  sections  of  a  new  sieamer 

460  feet  long,  49  feet  wide,  ai  d  38  ft et  deep,  molded  and  having  a  gross  register 
tonnage  of  about  6,2G0  tons.  •  Engineer,  March  2.j,  1887. 

NulU  Secundn.  An  elaborate  account  of  the  largest  fi eight  steamer  adoat,  hav- 
ing a  capacity  of  7,000,  allowing  a  speed  of  1?  knots  on  a  coal  consumption  tf  50 
tons  a  day,  triple  expansion  engines,  etc.    Illustrated.  Sci.  Am.  ISuppl.,  Jan.  1,  1887. 

Steel.    See  Tests. 

:  Its  Pro])erfies;  Its  Uae  in  Structures  and  Heavy  Guns.     Abstract  of  a  paper 

read  by  William  Metcalf  before  the  American  Society  of  Civil  Engineer?,  March  2, 
1887,  a  plea  for  the  Rodman  principle  of  casting  steel  guns.  Railroacl  Gazette^ 
March  18,  1887.  The  Railroad  and  Engineering  Journal,  Ai>ri\,lii87  ;  also  The 
American  Engineer,  April  6  and  13,  1887. 

.    See  Iron  and  Steel. 

,  From  the  Ingot  to  the  Finixhea  Tool.      By  A.  Y.  Jacobs.      Gives  English  practice 

of  steel  metallurgy  ;  defects  in  iugots;  treat menj;  of  final  product;  economy  of  pro- 
cesses, ecc.    Sci.  Am.  Supple.,  Jan.  29, 1887. 

.    By  H-  M.  Howe.    This  work,  which  is  probably  by  far  the  most  complete  and 

valuable  treatise  on  steel  yet  published,  is  beeun  in  Tfie  Engineering  and  Mining 
Journal  of  March  5,  and  will  exttnd  through  a  year,  at  the  rate  of  about  five  pages 
each  week. 

for  Heavy  Guns.    Proceedings  of  the  United  Stotes  Naval  Institute,  Vol.  XIII., 

No.  1.  A  paper  by  Edward  Bates  Dor^ey,  C  E.,  and  a  discussion  by  33  prominent 
steel  makers  and  experts.  The  discussion  contains  much  vab-able  information  con" 
cerning  the  relative  values  of  mild  sieel  and  hard  steel  for  ordnance,  etc. 

.     Statistics  of  the  Open-Henrth  Steel  Industry  of  Great  Britain  for  1886,  with 

table  showing  growth  of  the  industry  in  the  United  States  and  England  during  the 
last  ten  years.    American  Manufacturer,  April  1,  1887. 

.    Summary  of  the  regulations  relating  to  the  use  of  steel  recently  issued  by  the 

Russian  Ministry  of  Roads.     Bnilding,  June  1*^,  1887. 

.     The  Heaton  Process.    A  report  by  M.  L.  Gruner  on  the  above  process.  Van  Nos. 

Eng.  Mag.,  Vol.  II..  pp.  84.  129,  etc. 

,  Some  Constants  of  Structural,  by  P.  C.  Ricketts.  Gives  results  of  a  large  num- 
ber of  experiments  made  with  steel  bars,  varying  in  carbon  from  9-100  to  40  100. 
Co-eflEicients  of  elasticity  in  tension  and  compression  were  obtained  from  ar" jacent 
pieces  of  the  same  bar.    Trans.  Am.  Soc  C.  E.,  Vol.  XVI ,  p   138. 

,  Tempering  and  Annealing  of,  mvestigsited  by  means  of  its  varying  electrical 

and  magnetic  properties.  A  memoir  of  280  pp.,  giving  an  account  of  original  inves. 
tigations  in  the  Laborator/  of  the  U.  S.  Geological  Survey.  Rational  theories  of 
tempering  annealing  derived.  By  Carl  Barus  and  Vmcent  Strouhal.  Bulletin  No. 
14,  U.  S.  Geol.  Survey,  1885. 

,  The  Basic  Bessemer  Process.    By  Prof.  T.  Egleston.    A   paper  of  50  pp..  illus- 


trated, describing  the  plants  now  in  use  in  England  and  on  the  continent.     Trans. 
Am.  Soc.  Mech.  Engrs.,  Vol.  VII.,  p.  34. 

.  Tfte  WorKnfir  o/,  with  especial  reference  to  the  injurious  effects  of  a  blue  heat 

upon.    Paper  by  CJ.  E.  Stromeyer.  and  discussion  covering   100   pp.   in  Proc.  Inst. 
Civ.  Engrs..  Vol  LXXXIV.,  p.  114. 
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Steel.    Gives  br  ief  levinw  of  an  exten<;ive  serit-s  of  experiments  made  by  British  officers 
on  basic  steel.    Am.  Eur/.,  Au».  31.  1887. 

for  firms.    Abstract  from  a  paper  by  Col.  Eardley  Maitland  before  the  Institution 

of  Civil  Engiopers.    Eruj  Xews,  April  16,  1886. 

■ Boile>-,  Low  Water  in  a.    See  Low  Water. 

/*(  Constrvction,  Russian  Rules  for  the  use  of.    En(jr.  News,  Dae.  18, 1886. 

Castings  i}i  Locomotive  Construction.     Illustrated.    Proc.  Inst.  Civ.  Engrs.,  Vol. 

XC,  pp.  :}58.-365. 

Castings.    A  paper  read  before  the   South  Staffordshire  Institute  of  Iron  and 


Steel  Works' Managers.  Gives  details  of  the  present  English  practice.  Am.  Engr., 
July  14,  1886,  et  seq. 

Girders,  Strength  of.    Abstract  of  a  report  on  some  tests  of  plate  sr'rders  of  steel, 

of  large  dimensions,  made  by  the  Dutch  in  1877.  Found  to  be  weaker  and  more  un- 
reliable than  wrought-irun.  Abstract  covers  12  pp.  in  Proc.  Inst.  Civ.  Engrs.,  Vol. 
LXXXIV..  p.  412.    Also,  Van  Nos.  Eng.  Mag.,  October,  1886. 

6'inj.s.  Gu7i  Metal,  etc.    By_G.  W.  Sumner.    An  interesting  i-eview  of   the  relative 

merits  of  different  materials  for  gun  making;  the  Whitworth  system;  the  advisa- 
bility of  adhering  to  the  use  of  slow  burning  powder  discussed.  Sci.  Am.  Supple., 
April  10.  1887. 

,  Mild .  Report  of  the  Naval  Advisory  Board  on  Mild  Steel  used  in  the  construc- 
tion ot  four  steel  vessels.  A  valuable  and  exhaustive  record  of  the  studies  and  tests 
made  by  the  Board.  200  pp.  Bound  separately.  Alsi  with  Vol.  I.,  Messages  and 
Documents,  Navy  Dept.,  1885-6. 

Shafts,  Cracking  of.    Gives  a  discussion  at  a  meeting  of  Engineers'  Club  of 

Western  Pennsylvania,  which  embraces  interesting  and  valuable  suggestions.  Eng. 
News  Aug.  13,  1887. 

Tapes.  By  J.  L.  Cully.  Gives  description  of  the  tapes  with  prices,  manu- 
factured by  different  firms,  and  makes  suggestions  relating  to  their  use. 
Jour.  Asso.  Eng.  Soc,  August,  18S7;  Eng.  News,  Sept.  3, 1887.  See  Base  Measure- 
ment. 

.  Use  of  for  Bridges.    By  Theodore  Cooper.    With  Discussion.     A  general  review 

of  the  situation  in  1879.  Ttans.  Am.  Soc.  Civ.  Engrs.,  Vol.  VIII.  (1879),  p.  263- 
294. 

Works,  South  Chicago.    By  E.  C.  Potter.    A  full  description  of  the  above  works 


read  before  ihe  Iron  and  Steel  Ihstitute  of  Great  Bricain.    Engini-ering,  June  17, 
1887. 
— ,  The  Terni.     By  Sir  B.  Samuelson.     A  paper  before  the  Iron  and  Steel  Institute 
descriprive  of  works  for  the  manufacture  of  ordnanc^,  of  armor  pjates  and  general 
steel  work  at  Terni,  Italy.    Engineering,  June  10,  1887, 


— ,  Mamifacture  of  Plates.  A  paper  by  James  Riley,  before  the  Iron  and  Steel 
Institute.  Gives  some  investigations  as  to  the  effects  of  different  methods  of  treat- 
ment of  mild  steel  in  the  manufacture  of  plate.    Engineering,  July  1,  1887. 

— ,  Basic,  for  Ship  Building      By  B.  Martel'.    Treats  of  the  present  p-)sition  occu- 


pied by  basic  steel  as  a  material  for  ship  buildiag.    Engineering,  July  29,  1887. 

— — ,  Basic,  Open  Hearth.    By   J.  W.  Wailes,  before  the  Iron  and  Steel  Insti  ution. 
Illustrated.    Engineering,  Oct.  21, 1887. 

Stone,  Artificial.    A  paper  before  British  Assoc.    By  Fred.  Ransome.     Van  Nos.  Eng. 
Mag.,  Vol.  VII.,  p.  467. 

Arch  Bridges.     Description    and  complete  statistics  of  three  bridges  of  140, 

170  and  203  feet  span,  with  a  multitude  of  facts  concerning  the  con>.truction  of 
other  such  large  stoue  arches.  One  of  the  most,  sensible,  practical  articles  that  has 
appeared  in  engineering  literature  for  a  long  time.  Annates  des  P.  <&  C  ,  October, 
1886. 

Nomenclature  of  Building,  Stone  and  Stone  Masonry.    By  J.  J.  R.  Croes,  Wm 

E.  Merrill  and  Edgar  B.  Van  VVinkle.  Gives  American  practice,  with  full  iilustra- 
trations.  Trans.  Am.  Soc.  Civ.  Engrs.,  Vol.  VI.  (1877),  p.  297-304.  Discussion.  Yd. 
Vn.,p.  284 
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Steel  Structures  Strengthened  by  Iron  Rods.  With  Discussion.  The '•cds  give  to  the 
wall  or  pier  a  stren2:tb  to  resist  i  en -ion,  and  so  enable  it  to  be  comouted  for  cona- 
pressive  resistunce  only.  Illustrated.  Wm.  H.  Searles,  Trans.  Am.  Soc.  Civ.  Engrs., 
Vol.  VIII.  (1879),  pp.  238-262. 

,  tor  building  and  decoration.    By  Gf?o.  P.  Merrill.     A  series  of  articles  protBising 

to  be  the  most  complete  work  oa  American  building  stones.  Quarrying  and  dressing 
are  treated.    In  Building,  March  26,  1887. 

Resistance  of,  to  Crushi^ig.    By  C.  B.  Richards.    Gives  details  of  the  methods 

used  and  results  obtained  from  a  series  of  experiments  made  at  the  Colt  Company's 
armory  to  ascertain  the  rf  lative  resistance  of  American  building  stone  to  crushing. 
Trajis   Am  Soc.  of  C  E.,  Vol.  II.,  p.  187. 

Workitig  Machinery.  A  complete  study  of  all  classes  of  stone-workine  ma- 
chinery, saws  eirinders,  crushers,  etc.  Abridged  from  An.  Fonts  et  Ctiaussees  in  Sci. 
Am.  Supple.,  Jan.  15,  1887. 

Storagre  Resei'voirs.  Removal  of  the  Shallow  Flowage  from  the  Basin.  By  D.  Fitz 
Gerald.  Gives  descriptiyu  of  tbe  work  done  on  Basins  Nos.  II.  and  III.  of  the  Boston 
Water- Wftrks.    San.  Eng.,  April  9  and  16,  1887. 

Street  Cars.  Electric.    See  Railroads. 

Cleaning  in  Pans.    By  H.  Vivarrez.    Examination  of  the  methods  adopted  by 

the  municipal  srovernmenc  of  Paris  for  the  removal  of  mud,  etc.,  from  the  streets. 
Engineerinq,  Jan.  7,  14,  etc.,  1887. 

■ Grade  I  iter  section.    By  F.  A.  Calkins.    Gives  a  number  of  examples  of  actual 

practice  in  the  city  of  New  York.    Eag.  JSews,  Feb.  26.  18S7. 

Lighting.    By  T.  A.  Skelton.    Treats  of  the  use  of  lenses  and  reflectors.     Van 

xVos.  Eng  Mag.,  Vol.  IX  ,  p.  12.5. 

■  Pavi-ments.    A  valuable  discussion  in  the  Wt-stern  Society  of  Engineers,  Chicago, 

by  engineers  of  experience.  Some  important  and  new  facts  concernii  g  brick  pave 
ments.    Jour.  Assoc.  Engr.  Socs.,  Vol.  VI ,  p  23 

.     Wear  of  and  Cost  of  Repairs.    Data  githered  from  many  European  cities,  and 

given  in  Municipal  Report  of  Rochester,  N.  Y.    Engr.  Neus,  Nov.  20, 1886. 

Street  Bailroads.    See  Railroads. 

Strength,  Elasticity,  Ductility  and  Besilience  of  Materials  of  Machine  Con- 
struction, fly  Prof.  K.  H.  Thurston.  Gives  particu'ars  of  the  testing  of  a  large 
number  of  \y<  ods  and  meials  on  an  automatic  registering  machine.  Describes  the 
machine,  method  of  operation  and  interpretation  of  ihe  diagrams.  Trans.  Am.  Soc. 
o/ C.  .B,  Vol.  II.,  p.  349. 

Submarine  Cables  A  paper  before  the  Royal  Inst,  by  Fleeming  Jenkins  on  the  con- 
struction of  the  French  Atlantic  cable.     Van  Nos.  Eng.  Mag.,  Vol.  I ,  p.  683. 

Sub-wa,y,  London  and  Southwark.  By  J.  H.  Greathead.  Before  the  British  Associa- 
tion. Gives  description  of  ihe  nature  of  subway,  then  describes  some  of  the  details 
of  the  mode  of  c:>nstruction  and  the  appliances  devised  for  passing  through  water- 
bearing s.trata.    Illustrated.    Eng.  News,  Nov.  5,  1887. 

Survey.    See  British  Ordnance. 

.  Report  of  the  Res;ents'  Boundary  Cooa mission  upon  the  New  York  and  Pennsyl- 
vania boundary.  Gives  full  report  of  the  field  work,  and  description  of  the  location 
of  each  mile-stone.    Illustrated  with  numerous  maps  and  tketches. 

of  the  City  of  Leipzig.  De«8L'rlp«im  of  methods  used,  complete  tables  and  calcu- 
lations of  co-ord  nates.  Method  of  least  squares  applied.  By  Prof.  A.  Nagie.  Der 
Civ, I  Ingenieur,  18^7,  pp.  1-42. 

— '■ ,  Geod  tic,  of  ihe  State  of  Ne%v  York.    The  final  report  of  this  work,  which  covers 


abour,  two-thirds  of  the  State,  includes  valuable  appendices  on  reconnaisance  and 
signal  building,  station  marks,  fle'cl  work  and  party  organization,  repeating  instru- 
ments and  methods,  trigonometrical  leveling,  geodetic  cc-ordinates,  tables  for  map 
projection,  etc.  Illustrated  and  accompanied  with  fine  maps.  C15  pp.,  quarto.  Saml. 
B    Ward,  Pres.  Brd.  Commissioners,  Albany,  N.  Y. 

Surveying-,  Subterraneous.  By  H.  R.  Sturtevant.  Gives  description  of  the  Lake 
Superior  iron  region,  and  then  treats  of  the  methods  emploj^ed  in  subterraneous  sur- 
veys.   Proc.  Mich.  Eng.  Soc.  for  1886-87. 
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Surveying-,  Co-ordinate.  By  Henry  F.  Walling.  Points  out  a  method  by  which  the  coast 
survey  work  may  be  made  available  in  the  ordinary  operation  of  land  surveyors  and 
engineers  within  the  districts  of  the  triangulation.  Trans.  Am.  Soc.  C.  E.,  Vol.  VI,, 
p.  88. 

.     The  Rectangular  Co-ordinate  Method.    By  H.  F.  Wailing.    Recommends  the 

general  adoption  of  rectangular  co-ordinates  referred  to  points  fixed  \>y  geodetic  tri- 
angulation.    Trans.  Am.  Hoc.  Civ.  Engrs.,  Vol.  VI.  C1877),  pp.  88-106. 

.    Railroad  Leveling,  by  means  of  two  rodmen  and  a  hand-car,  whereby  over  30 

miles  of  levels  are  run  in  a  day.  Th.  S.  Hardee,  Trans.  Am.  Hoc.  Civ.  Engrs.,  Vol. 
VI.  (1877).  pp'.  258-J6J. 

.    Mici-ometer  Measurement  of  Distances.     A  constant  base  is  used,  some  12  or  14 

feet  loug,  held  either  vertically  or  horizontally,  and  the  apgle  subtended  at  the  tele- 
scope noted  on  a  micrometer.  Is  a  modified  form  of  stadia  surveying.  Fully  de- 
scribed nni  experiments  given  showing  accuracy,  by  Wm.  Ogilvie.  Proe.  Provincial 
Land  Surveyors,  Canada.  Wiliis  Chipman,  Sec,  Brockville,  Can. 

,  Topographical,  and  Records  for  Drainage  Purposes.    By  C.  G.  Elliott.     Gives. 

experience  and  practice  of  drainage  surveying.  A  good  paper.  F.eport  Second 
Annual  Meeting  III.  Soc.  of  Engineers  and  Surveyors,  p.  43. 

Surveyors,  The  License  System  for.  By  Samuel  S.  Greeley.  Gives  a  brief  hi  tory  cf 
legislation  relating  to  land  surveying  in  Illitois,  and  advocates  the  system  of  licens- 
ing surveyors.  Also  gives  text  of  a  bill  which  was  introduced  into  th-<  General 
Assembly  of  Illinois,  Feb.  15,  1887.  Report  Second  Annual  Illiiiois  Soc.  of  Engs. 
and  Surx;(yors,  p.  26. 

Sustaining-  "Walls  An  elaborate  study  of  the  French  practice  of  building  sustaining 
wal  s  with  arcaes  and  arch  buttresses.  Fully  illustrated.  Sci.  Am.  Supple.,  Feb.  26, 
1887. 

Switch  Sig-nal.  A  brief  description,  with  plan,  elevation  and  cross-section  of  a  stand- 
ard distant  semaphore  signal,  being  introduced  on  the  Pennsylvania  Railroad.  R.  R> 
Gaz.,Oct.  28,  1887. 

Technical  Education.  Paper  by  Alex.  L.  Holley,  before  the  American  Institute  of 
Mining  Engineers,  and  Discussion,  together  with  a  Joint  Discussion,  before  this  body 
and  the  American  Society  of  Civil  Engineers,  June,  1876.  The  whole  covering  M6 
pp.,  and  con  aining  the  views  of  the  leading  engiceers  and  technical  educators  in 
America.  Mostly  given  to  methods  of  combining  theory  and  practici*.  Accompany- 
ing Vol.  V.  (1876),  Trans.  Am.  Soc.  Civ.  Engrs..  and  corresponding  Vol.  of  Inst. 
Min.  Engrs.    See  Education. 

Teleg-raph,  The  Inventor  of.  Pome  new  discoveries  showing  that  the  electric  tele- 
graph was  invented  about  17o0  by  one  Charles  Morrison.  Reprinted  from  Celtic 
Magazine  for  September  by  The  Electrical  Review,  Nov.  5,  1886. 

Teleg'raphy,  Fifty  Years  Progress  in.  By  W.  H.  Preece.  Reviews  progress  made  m 
all  brauches  of  telegraphy.  Gives  tables  showing  increase  of  oflSces,  miles  of  wire, 
number  of  messages,  etc     Jour.  Soc.  of  Arts,  May  20, 1887. 

Telephone  Without  Wires.  A  description  of  the  device  by  Prof.  A.  E.  Dolbear  for 
electric  communication  without  wires.  The  Electrician  and  Electrical  Engineer, 
Nov.,  1886. 

Investigations.     Ry   Prof.    Silvanus  P.  Thompson,  D.  Sc.    An    extremely   able 

paper,  read  before  the  Society  of  Telegraph  Engineers  and  Electricians,  June  27, 
1887.  A  valuable  contribution  to  the  deveiopment  of  the  true  telephonic  theory  and 
the  perfect  telephone.    The  Electrical  World,  March  19,  26,  and  April  2  and  9,  1887. 

Temperature,  Effect  of,  on  the  Strength  of  Railroad  Axles.    See  Axles. 

Tensile  Strength,  Experiments  on  the,  of  Bar-Iron  and  Boiler-Platc  By  C.  B. 
Richards.  Object  of  tbe  paper  is  to  give  particulai*.-^  and  results  of  experiments 
made  at  the  Colt's  Armory  testing  machine  on  the  tensile  strength  of  American  bar 
iron  and  boiler-plate;  also  describes  a  gauge  for  measuring  elongation  and  contrac- 
tion of  specimens;  also  tabulates  results  of  experiments.  Trans.  Am.  Soc  of  C.  E.. 
Vol.  II.,  p.  339. 
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Tenainal  Fsicilities  for  Eandling  Freight  at  New  York.  Report  of  Com.  of  Am, 
Soc.  on.  O.  Chanute,  chairman.  Trans.  Am.  Soc.  Civ.  Engrs.,  Vol.  IV.,  1875,  pp. 
1-80.  Also  a  series  of  papers  by  Gratz  Mordecai  in  R.  B.  Gazette,  Jan.  23,  1885 
et  seq. 

^terrestrial  Magnetism.  By  J.  S.Perry,  before  the  Royal  Soc.  Van  Nos.  Eng. 
Mag.,  Vol.  VIII.,  p.  235. 

Test  Specimens.  By  J.  B.  Johnson.  Discusses  the  effect  of  si-^e  and  shape  of  speci- 
mens on  the  ultimate  elongation  and  reduction  of  ai'ea.     R.  R.  Gaz.,  June  17,  1887. 

Testing  Machines.  Discussion  on  the  construction  of.  Trans.  Am.  Soc.  of  C.  E. 
Vol.  n.,  p.  228. 

.    Description  of  Du   Bohme's  automatic  machine  for  the  making  of  uniformly 

compressed  test  cubes  of  cement,  same  as  mortar.    Eng.  Neivs,  March  26,  1887. 

,  Six  Hundred- Ton.  By  Charles  Macdonald.  Gives  description  of  a  testing  ma- 
chine capable  of  exerting  a  tensile  strain  of  1,200,000  pounds  recently  constructed 
at  the  works  of  the  Union  Bridge  Company,  at  Athens,  Pa.  Also^ives  results  of  th« 
testing  of  a  fuU-siz«^d  eye-bar  of  the  Hawksbury  bridge.  Illustrated.  Tran.f.  Am. 
Soc.  C.  E.,  \ol.  XVI.,  p.  1.    Also  B.  R.  and  Eng.  Jour.,  Feb.,  1887. 

,  JOO-Tow.    An  illustrated  description  of  a  machine  designed  for  use  in  iron  and 

steel  works,  constructed  by  Adamson  &  Co.,  Dunkinfield,  Eng.  Engineering,  June 
17,  1887. 

Tests  of  Iron,  Steel  and  Alloys.  Report  of  the  Government  Testing  Board,  1881. 
In  two  volumes.  Vol.  I.  includes  Rep.  of  Com.  on  Chain  Cables,  Malleable  Iron, 
Reheating  and  Rerolling  Wrought  Iron,  Results  of  Tests,  etc. ;  comparing  chemical 
composition  with  physical  results.  Also  Report  of  Preliminary  Investigation  of 
Copper-Tin  Alloys.     575  pp.  and  100  plates. 

Vol.  II.  contains  Report  on  Copper-Zinc 'Alloys,  Copper-Tin-Zinc  Allojs,  Iron 
Girders  and  Columns,  Tunsion  and  Torsion  Tests  of  Steel  and  Chemical  Analyses  of 
same,  Tests  of  Quality  of  Steels  for  Tools,  and  a  memoir  by  Tresca  on  the  Planing 
of  Metals.    700  pp.  and  about  200  plates. 

These  two  volumes  contain  all  the  results  of  the  work  of  the  U.  S.  Testing  Board 
trom  1875  to  1878,  when  the  Board  was  left  without  further  appropriations  by 
Congress.    Report  of  the  Board  on  Testing  Iron,  Steel  and  other  Metals,  2  vols. 

Tests  of  Materials.  Rate  of  Set  of  Metals,  subjected  to  stress  for  considerable  peri- 
ods of  time.    Illustrated.     Trans.  Am.  Soc.  Civ.  Engrs,,  Vol.  VI.,  p.  28-38. 

.    Observations  on  the  Stresses  Developed  in   Metallic  Bars  by  Applied  Forces. 

By  Theodore  Cooper.  Gives  an  account  of  the  lines  of  shearing  strecs  as  shown  by 
a  change  in  the  external  appearance  of  the  specimens.  Illustrated.  Ti-ans.  Am,. 
Soc.  Civ.  Engrs.,  Vol.  VII.  (1878),  p.  174-182. 

.      On  a  Neivly  Discovered  Relation  between  the  Tenacity  of  Metals  and  their 

Resistance  to  Torsion,  by  R  H.  Thurston.  Trans.  Am,.  Soc.  Civ.  Engrs.,  Vol.  VII- 
(1878),  p.  169-173. 

.     Annual  Report  of  Tests  at  Watertown  Arsenal,  1884.  500  pp.    Includes  34  tests 

on  full-sized  wrought-irou  bridge  columns:  (40  were  given  in  1883  report);  33  brick 
piers;  a  great  many  tests  on  crushing  strength  of  neat  cement  cubes;  mortars  of 
different  composition;  terra  cotta;  cast-iron,  steel  and  bronze  for  gun  construction; 
steel  and  wrought-iron  straps,  bars  and  bolts;  adhesion  of  nails  and  screws;  strength 
of  cordage  and  rubber  springs.    Sen.  Ex.  Doc.  No.  35  49th  Congr.,  1st  Sess. 

Thermodynamics.  By  Prof.  Wood.  Some  new  propositions,  and  a  further  discus- 
sion of  the  Second  Law.     Van  Nos.  Eng  Mag.,  December,  1886. 

Tide  Marshes,  The  Reclamation  of.  A  memoir  of  250  pp.  to  the  Depfc.  of  Agr.  by  D. 
M.  Nesbit.  Gives  are.as,  methods  and  cost  of  reclamation,  etc.  Dept.  of  Agr.  Misc. 
Special  Report  No.  7,  1885. 

Tie  Joint,  Proposed  Metallic.  Illustrated  description  of  tie  and  rail  fastenings  pro- 
posed for  the  Chinese  railroad.    Eng.  News,  Jan.  15,  1887. 

Timber,  The  Conversion  of  in  the  U.  S.,  by  circular  and  band-saws.  A  very  good  de- 
scription ;  illustrated.    Froc.  Inst.  Civ.  Engrs.,  Vol.  XC,  p.  105-130. 
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Timber  Preserving.  An  abstract  of  a  paper  Uefore  the  Philosophical  Society  of  Glas- 
gow. Explains  the  methods  used  for  tbe  preservation  of  timber  from  decay  and  de- 
struction by  worms,  etc.     Va)i  Nos.  Eng.  Mag.,  Vol.  I.,  p.  406. 

Recent  Investigations  Concerning  the  Dry  Rot  Fungus.    Abstracted  from  the 

German.  Some  very  important  conclusions  as  to  the  laws  of  its  growth,  which  will 
.  be  found  of  value  to  those  interested  in  the  decay  of  timber.  Proc.  Inst.  Civ.  Engrs., 
Vol.  LXXXVI.,  p.  381. 

Tires,  of  Railroad  Rolling  Stock.    See  Conical. 

lesting,  \V()hIer''s  Ex^ieriments  Oil.  Gives  results  of  te.^ts  made  on  ten  steel  tires.  R. 
R.  602.,  Sept.  2,  1887. 

Tool  Steel.     See  Tests  of  Iron,  Steel  and  Alloys. 

Torsional  Strength  of  Iron  and  Steel.  Results  of  experiments  at  University  College, 
London.     Proc.  Inst.  Civ.  Engr.f.,  Vol.  XC,  p.  38?. 

Topographical  and  Related  Surveys  as  Prosecuted  by  the  Government.  By  C.  W. 
Clark.  A  very  good  summary  arid  detaded  description  of  the  Coast  and  Geodetic 
Lake,  aud  the  Miss.  Hiver  Surveys.    Rep.  111.  Sac.  Engrs.  and  iSxirveyors,  18S6. 

Torpedo  Boat  '  Ariette.''  A  description  of  the  Spanish  boat  "  Ariette,*'  which  recently 
tnade  titj  knots  per  hour  on  the  trial  trips.  It  is  147  feet  6  inches  long  and  14  feet  6 
inches  beam,  of  .steel,  with  12  compartments.'  A  two-page  plate  shows  plan,  eleva- 
tion and  sections.    Engineering,  July  15,  1887. 

.Griswold's.     Description  of  the  electrical  steering  apparatus,  and  an  account 

of  its  performance  at  Providence.  R.  I.,  recently.  The  Electrician  and  Electri- 
cal Engineer,  January,  1887. 

.    Details  of  I  he  trial  trip  of  a  torpedo  boat  140  feet  long,  97  tons  displacement, 

fitted  with  twin  screws  driven  by  compound  engines.  The  mean  of  6  trial  trips  eave 
a  speed  of  28  miles  per  hour,  the  greatest  speed  being  at  the  rate  of  31.4  miles  per 
hour.    Sri.  Am.  Sup.,  May  28,  1887. 

Torpedo,  Fish.  A  full  account  of  the  Fi?h  or  Whitehead  torpedo,  with  description  of 
it^  mectanism.    Sci.  Am.  Sup..  May  7,  1887. 

Track.  Erie  Standard.  A  brief  description,  with  cross  sections  of  the  standard  track 
of  the  Erie  Railroad.    R.  R.  Gaz.,  June  3,  1887. 

.    See  Railways.    Permanent  Way. 

Tracklaying- iliar?/i/rie.    By  D.  Sweeney.    A  good  description  of  the  method  of  laying 

track  with  the  Harris  machine.    Railway  Service  Gaz.  ;  also  R.  R.  Gaz.,  Nov.  11, 

1887. 
Traffic,  the  Production  of,  and  the  Transportation  of  Freight  and  Passengers.    By 

Martin  Coryell.    Sketches   the   development  of  canals,  turnpikes   and    railroads. 

Trans.  Am.  Soc.  C.  E.,  Vol.  II.,  p.  240. 

— - — .  Freight  on  German  Railroads  in  1885.  Bv  C.  Thau'^r.  Entirely  statistical. 
Archiv  fur  Eisenbahnwer.en,  1886,  pp.  597-636. 

,  Growth  of  City.    Gives  five  diagrams  showing  the  internal  passenger  movement 

in  New  York,  Brooklyn  and  London,  with  comment  on  the  same.  Eag.  ^^tws,  Oct. 
15  and  22.  1887. 

Train  Lighting.     See  Elect'ic. 

Train  Resistance .    See  Resistance  of  Trains. 

Tramways  By  W.  B.  Adams  before  the  Soc.  of  Arts.  Treats  of  the  construction  of 
tramways,  vehicles,  haulage  and  uses.     Van  Nos.  Eng.  Mag  ,  Vol.  VI.,  p.  177. 

,  Birmingham  Steam.    A  comprehen.sive  account  of  ihe  working  of  thirty-three 

miles  of  steam  tramways  in  Birmingham,  Engl^ind.    Engineer,  March  18,  1887. 

Tranfer  Tables.    A  cheap  and   satisfactory  one  described  by  Wm.   P.  Shinn.    Illus- 
•   trated.     Trans.  Am.  Soc.  Civ.  Engrs.,  Vol.  V.  (1876),  p.  377. 

Transformers.  Electrical  Distribution  by  Alternating  Currents  and  Transformers 
By  Rankin  Kennedy.  Describes  and  compares  the  various  systems  that  have  been 
patented,  and  explains  briefly  the  principles  involved.  Electrical  Review,  March  18, 
25;  April  1,  8,  15  and  22,  1887.  Reprinted  by  The  Electrician  and  Electrical  Engi- 
neer, May,  July  and  August,  1887.  See  Westinghouse  System  of  Electric  Ligfht- 
ing. 
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Transportation.  Cheap  versus  Rapid  Tra,nsit  and  Delivery.  By  Martin  Coryell.  A 
comparison  of  water  vvir,h  rail  transportation.  Trans.  Am.  Sjc.  Civ.  Engrs.,  Vol. 
IV.  (1880),  pp.  401-406.    See  Railroad. 

Transmission  of  Power,  by  electricity,  water,  air,  cables,  coal  gas  and  steam  dis- 
cussed and  compired.    From  the  French.    Sci.  Amer.  SuppL,  Dec.  4,  1886. 

over  long  distances.    By  Professor  Reuleaux.    A  valuable  discussion  of  the  vari- 

ou<?  metliods  in  use.  Relative  economic  results  obtained.  Sch.  Mines  Quar.,  Vol. 
VIII  ,  pp.  93and2J.'0. 

Trap-Syphonag-e.  An  extended  series  of  experiments  at  the  Museum  of  Hygiene  of 
the  U.  S.  Navy.  Reported  to  the  American  Institute  of  Architects.  Of  great  value 
in  determining  the  conditions  under  which  syphoning  takes  place.  Illustrated.  San^ 
^ngr.,  Dec.  11,  1886. 

Trestle,  A  Novel.  Brief  description,  with  plan,  elevaiion,  and  cross-section,  of  a  novel 
form  of  trestle  used  on  the  L.  &  N.  R.  R.    Eng.  News,  Oct.  29, 1887. 

,  Bailway.    By  E.  A.   Hill.    Treats  of  ^permanent  and   temporary  trest'e   work, 

sustaining  power  of  piles,  review  uf  railroad  practice,  etc.  Sec.  An.  Rep.  Froc.  III. 
Soc.  of  Engrs.  and  Swv. 

■ ,  Standard   Wooden.    Gives  plan,  elevation,  sections  and  bill  s  of  material   for 

the  standard  wooden  trestle  of  the  Kansas  City  &  Omaha  R.  R.  Eng.  News,  Aug. 
13,  18&7. 

Trestlework,  Iron  Joint  Plates  in.    Gives  detailed  drawings  showing  the  use  of  iron 

plates  instead  of  tenons,  etc.,  as  used  in  the  construciion  cf  a  trestle  on  the  N.  Y. 

L.  E.  &  W.  R.  R.     Kng.  News,  Nov.  5, 1887. 
Triangulation  of  the  Forth  Bridge.    A  detailed  description  of  the  work  by  R.  E. 

Middieton.    Engineer;    Engr.  News,  Nov.  20,   1886  ;   also  R.  R.  Gazette,  Dec.  17, 

1886. 
Trusses,  Formulas  for  Strains  in,  and  their  Practical  Application.     By  S.  H.  Sbrrva 

Derives  practical  formulas  for  different  forms  of  trusses  and  makes  a  praciical  ap 

plication  of  each  to  a  t.uss.     Van  Nos.  Eng.  Mag.,  Vol.  III.,  p.  193. 
Tubes,  Seamless,  fiom   Solid  Blanks.     An  account,  with  illustrations,  of   a  recent 

method  used  in  Germany,    Railroad  Gazette,  Oct,  14,  1881. 
Tunnel,  at  C-chem,  on  the  Mosel  R.  R.    By  Herr  Lengeling.    Complete  description  of 

this  tunnel,  4204.75  meters  long,  built  3874-77,  with  plates  and  statistics  of  cost. 

Zeitschr.  fiir  Bauwesen,  1886,  pjges  26-55. 
,    Proposed  Detroit  River.  Description  of  method  proposed  by  H.  H.  Hall  for  con- 
structing the  turn  el.     Eng.  News,  March  2o,  1887. 
,    The  Hudson   River.    The  me'hods  used  in    the    early    stages    of    this   work 

described  anci  illustrated  by   Messr.s.  Spiilman  &  Brush,  contractors.     Trans.  Am. 

Soc.  Civ.  Engrs.,  Vol.  IV.,  1880,  p.  259-277. 
,  The  Si.  Clair  River.    A  brief  account  of  the  tunnel  proposed  under  the  St.  Clair 

River  at  Port  Huron.    Total  length.  5,280  feet,  of  which  2,3  tO  feet  will  be  under  the 

river.    Clear  internal  diameter,  20  feet.    R.  R.  Gaz.,  Feb.  25,  1887. 
,  St.  Clair.    Gives  method  employed  in  the  construction  of  the  St.  Clair  tunnel  on 

the  Pennsylvania  Schuylkill  Valley  Railroad,  one  and  cue-half  miles  west  of  Po  ts- 

ville,  Pa.    Shows  plan,  numerous  cross-sections,  progress,  proflle.  etc.    Eng.  News, 

Aug  20,  1887. 
,  New  Chicago  Lake.     Gives  description  of    the    new  tunnel  for   the  Chicago 

water- works.    Eng.  News,  Oct.  29,  1887;  San.  Eng.,  Oct.  29,  1887. 
,  Severn.    By  T.  A,  Walker,  before  the  British   Association.      Gives  an  interesting 

account  of  the  driving  of  the  tunnel  and  the  difficulties  met  with.      Engineering, 

Sept.  9,  1887. 
,  The  Wick  s.  Gives  details  of  the  proposed  Wickes  Tunnel  on  the  Montana  Central 


R.  R.    Jour.  Assoc.  Eng.  Soc,  August,  ].^.H7:  R.  R.  Gaz.,  Aug.    19,  1887,  and  Eng. 
News,  Aug.  27,  1887. 

.,  Mount  C^nis.    Gives  results  of  experiments  with  compressed  air  made  by  order 

of  the  Italian  Government.     Van  Nos.  Eng.  Mac/.,  Vol.  VI..  p.  0.?. 
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Tunnel,  Mont  Cents.  By  Francis  Kossuth.  Treats  of  the  condition  of  location,  geology 
of  the  tunnel,  workshops  and  water  supply.  Van  Nos.  Eng.  Mag.,  Vol.  V.,  pp.  113, 
225,  etc. 

,  The  Proposed  Simplon.    A  review  of  the  various  projects  for  crossing  the  Alps, 

with  special  reference  to  the  Simplon  tunnel.  Abstracted  from  Le  Genie  Civil,  May 
28, 1887,  in  Eng.  ^e^vs,  July  2  and  9,  1887. 

,  The  Construct io)i  of  the  Severn.    Gives  abstracts  from  an  address  of  Mr.  Charles 

originator  and  engineer  of  the  Severn  Tunnel,  at  Bristol,  England,  upon  the  history 
of  the  work.    Eng.  News,  Aug.  13, 1887. 

,  The  Merst  y.    A  full  account  of  this,  the  largest  tunnel  under  water.  Describes  the 

drainage  and  pumping  raacluuery,  explosives,  covered  ways,  and  retaining  walls, 
stations,  hvdraulic  lifts,  ventilation,  engines,  and  fans,  etc.  Illustrated.  By  Francis 
Fox,  one  of  the  engineers.  Froc  hist.  Civ.  Engrs.,  Vol.  LXXXVI.,  p.  40;  also  San. 
Engr.,  Oct.  7.  1886,  et  seq. 

,  The  Vosburg  onthe  Penn.  <S:  N.  Y.  Ry.      This  has  been  recently  completed,  is 

3,£00  feet  long,  for  double  track.  Rock  drills  driven  by  compressed  air  used .  Mf»,ps, 
sections,  etc.,  shown.    R   R.  Gazette,  Oct.  1  and  8,  1886. 

,  Under  Thames  River.    Descrip'ion  of  metbods  and  details  of  construction  of  the 

new  iron  tunnel  now  being  built  in  London.    Sci.  Am.  Supp.,  June  4, 1887. 

Reconstruction  and  Enlargement  of  the  Cork  Run  Tunnel  on  the  Pittsburgh,  Cin^ 

&  St.  Louis  Ry.,  by  Max  J.  Becker.  Illustrated.  Trans.  A7n.  Soc.  Civ.  Engrs. ,YOl. 
VI.  (1877).  p.  1. 

Detroit  River.    By  E.  S.  Chesbroush.    Gives  his  experience  with  sand  and  water 

inuptions  in  the  trial  tunnels  between  Detroit  and  Windsor.  Trans.  Am.  Soc.  C.  E., 
Vol.  n  ,  p.  23?,  Van  Nos.  Eng.  Mag.,  Vol  VIL.  p.  mz. 

,  Iron  Centering  for .    Some  illustrations  of  types  of  tunnel  centres  made  of  old 


rails.    R.  R.  Gaz.,  Oct.  14, 1887. 

,  The  Location  of  those  onthe  Chimhote  Railway,  Peru.     The  road  and  tunnels 

lie  in  a  mountain  caiion.    Map*  and  profiles.    O.  F.  Nichols.      Trans.  Am.  Soc.  Civ. 
Engrs.,  Vol.  IX.  (1880),  p.  365-376. 

lunjielins  on  the  Croton  Aquednct .     Gives  records  of  progress  made  in  tunneling, 
also  to  the  arrangement  of  drill-hole.  R.  R.  Gaz.,  July  29;  Eng.  News,  Aug.  6,  1887. 

.    A  description,  with  cuts  showing  details  of  an  instrunnent  for  measuring  cross 

sections  in  tunnels,  in  use  at  the  Croton  aqueduct.    San.  Eng.,  June  11 ,  1887. 

in  Colorado.    A  report  of  the  Golden  River  Mining  Co.,  giving  detailed  cost  of  a* 

tunnel  3,000  feet  long  and  7x8  section.    Eng.  News,  April  2, 1887. 

By  B.  H.  Hall.    Sketches  progress  in  tunneliog  in  United  States,  with  details  of 


a  number  of  tunnels.    Report  Com.  Assoc.  Civ.  Engrs.,  1887,  p.  19. 

Turbines  in  WiUimantic,  Horizontal.  By  John  Graham.  Gives  brief  description  of 
turbines  at  the  Willimaijtic  Water-Works.  Proc.  Eng.  Clubof  Phila..  Vol.  VI.,  p.  35. 

.    A  Graduating  Thesis  by  J.  L.  Woodbridge,   with  an  introduction  by  Prof.  De 

VolsonWood.  The  discussion  based  on  the  pressures  of  elementary  volumes  and 
their  movements.  Probably  the  most  general  and  mathematically  satisfactory 
solution  yet  made.    Jjur.  Frank.  Inst.,  Nov.,  1886,  et  seq. 

Turn-table.  Description  of  the  Lawthrop  wrought-iron  turn-table,  with  table  of 
dimensions  and  detailed  drawing.    Eng.  News,  April  2,  1887. 

Twin  Screws.  An  important  paper  on  the  subject  of  screw  propulsion:  Sci.  Am. 
Supple.,  June  18,  1887. 

"Units,  On  the  Theory  of .  By  G.  Szirvady.  A  good  paper  on  electrical  units.  Treats 
of  the  equations  between  concrete  magnitudes,  change  of  units,  absolute  units,  his- 
tory and  criticism  of  the  C.  G.  S.  system.    Sci.  Am.  Sup.,  Aug.  13,  1887. 

"Van  Nostrand,  D.  An  account  of  his  life  and  works,  in  Van  Nos.  Eng.  Mag.,  Vol. 
XXXV.,  p.  441. 

Ventilation.    See  Tunnel.    See  Heating. 

of  Audi" nee  Halls.    By  Robt.  Briggs.     An  authoritative  article  on  heading  and 

ventilating  larze  halls,  covering  54  pp.,  with  special  index  to  topics  Illustrated 
Trans.  Am.  Soc.  C  v.  Engrs..  Vol.  X.,  p.  53-106. 
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Ventilation  and  lighting  of  the  Croton  Aqueduct  Tunnels.  Abstracted  from  the  re- 
port of  K.  W.  R<ymondand  W.  H.  McQuail  to  the  aqueduct  commissioners.  -San. 
E-nflf.,  Jan.  8,  18><7. 

. ,  Trap.    By  I).  J.  Erbetts.   A  brief  review  of  the  experiments  of  Mr.  Glenn  Brown. 

Building,  June  18, 1887. 

of  Buildings,    By  W.  F.  lintler.    A  valuable  paper.    Gives  principles  which  are 


applicable  in  nearly  ail  cases.     Van  Nos.  Enqr.  Mag.,  Vol.  IX.,  p.  385. 

Vessels^  Resistance  of.  Report  of  the  Committee  of  the  British  Association,  treating 
of  the  resistance  which  ships  offer  to  propulsion  and  their  behavior  in  respect  to 
tolling.     Van  Nos.  Eug.  Mag,,  Vol.  II„  p.  276. 

Viaduct.  Description  of  the  Brick  R.  R.  Viaduct  over  the  River  Esk,  England- 
Greatest  height,  120  feet;  length,  915  feet.  Foundations  sunk  to  rock  by  open  brick 
walls  on  drum  curbs.  Large  tire  trunks  removed  by  divers.  There  are  lei  circular 
arches  of  about  60  feet  span.  Fully  illustrated.  Proc.  Inst.  Civ.  Engrs.,  Vol. 
IJi:XXVI.,  303. 

— - — ,  The  New  Tay.  Abstract  from  a  paper  by  3Ir.  F.  S.  Kelsey  before  the  Institute  of 
Mechanical  Engineers,  giving  a  description  of  the  work  of  construction.  Ti.  R.  Gaz., 
Sept.  2.  1887. 

,  Over  the  River  Retiro,  Brazil.    Plan,  elevation  and  details  of  a  viaduct  357  feet 

long,  composed  of  two  stone  arches  20  feet  in  diameter,  and  five  intermediate  iron 
arches  49  feet  in  diameter.  Eitgineering,  Feb.  18, 1887;  also  Sci.  Am  SuppL,  Feb. 
2G.  18S7. 

Volumes  of  Ships,  Different  Rules  for  Computing.  Application  made  of  Simpson's 
Rules  and  Integraters,  with  geometrical  illustrations.  Proc.  Liverpool  Enging.  Soc, 
Vol.  VI.,  pp.  I-IO. 

Vyrnwy  Dam,    Two  pages  of  illustrations  of,  la  San.  Engr.y  December  25, 1886. 

Water,  the  Absorbing  and  Transporting  Pou-er  of.  By  T.  Login.  Treats  of  the 
mechanical  properties  and  frie.ion;  also  draws  practical  conclusions.  Van  Nos.  Eng. 
Mag.,  Vol.  III.,  p.  l63. 

,  Hardness  of .    An  abstract  from  an  article  by  H.J.Hardy,  giving  method  for 

determining  the  total  hardness  of  water.    Eng.  News,  June  11,  1887. 

^ ,  The  Biological  Examination  of.     By  F.  Hueppe.    Extended  discussion  of  the 

subject.  Journal  f.  Gasbel .  v.  Wasserversorgung,  1887,  pp.  321  .32,  354-66,  421-29, 
46:J-69. 

-,-_ — in  Open  Channels,  Flow  of.  By  W.  J.  Mc  Alpine.  Gives  a  comparison  of  the  dif- 
ferent formulfe  in  general  use,  and  derives  a  new  one.  Vaii  Nos.  Eng.  Mag.,  Vol. 
Vin.,p.  97. 

.. ,  and  Typhoid  Fever.    By  Dr.  S.  Benjamin.    A  paper  before  the  New  Jersey 

Sanitary  Association  on  the  relation  between  drinking  water  and  typhoid  fever. 
Sci.  Am.  Supple.,  June  11,  1887. 

»,  Analysis  for  Sanitary  Purposes.    An  exhaustive  mamoir  of  70  pp.,  by  Dr.  Chas. 

Smart,  Assist.  Surg.  U.  S.  A.  Tocludes  269  analyses.  An.  Rep.  Nat.  Board  of  Health, 
1880,  pp.  446-516.  By  A.  A.  Breneman.  Discusses  the  necessity  of  standard  condi- 
tions in  the  applica»tion  of  Wanklyn's  method  of  analysis  and  proposes  a  moiiflca- 
tion  which  may  eliminate  many  of  the  uncertainties  of  the  process.  Eng.  Neivs, 
June  4.  1887. 

. Companies.  Private.    By  H.  F.  Dunham,  before  the  American  Water-Works 

Association.  Treats  of  the  relation  of  private  water  companies  to  municipal  author- 
ities and  the  public.    San.  Engr.,  July  30,  1887. 

Commis-'iioners'  Report  of  Neie  Londoyi,' Conn.,  Ism.  Contains  reports  on  pre- 
vention of  waste  and  the  improvement  of  the  character  of  the  water  as  to  taste  and 
smell.    39  pp.     Address  W.  H.  Richards,  Engr. 

■ Consumption  and  Waste.    By  J.  H.  Harlow.     Data  given  for  many  American 

cities.    Trans.  Am.  Soc.  Civ.  Engrs.,  Vol  VI.  (1877),  pp.  107-126. 

Conduit  under  Pressure.    By  J.  T.  Fanning.    A  wooden  tube  6  ft.    in  diameter, 

used  at  Manchester,  N.  H..  for  conveying  65,000,000  erallons  a  day  a  distance  of  600 
ft.  under  a  head  of  9  ft.  Made  of  staves  with  iron  hoops.  Illustrated.  Trans.  Am. 
S©c.  Civ.  Engrs.,  Vol.  VI.  (1877),  p.  69. 
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Water  for  Domestic  Purposes.  The  Creque  System  otDe{eca.tm^,  Storing:,  Circulatiag 
and  employing  Hot  and  Cold  Water  in  Houses.  A  paper  the  inventor  read  before 
the  Society  of  Arts,  Boston.    Illustrated.    jSo/i  if7»i(;j-.,  November  27, 1886. 

and  Drainage.    An  extract  from  a  lecture  by  L.   E    Cooley  before  the  Chicago 

Academy  of  Sciences,  treating  of  the  water  supply  and  drainage  of  Chicago,  Am. 
Eny.,  March  9  and  16,  1886. 

,  Expansion  of .    By  Alex     Morton.    Deri<^es  a  simple  formula  which  gives  re- 
sults agreeing  very  nearly  with  the  mean  determination  of  a  great  many  observers. 
Van  Nos   Eng.  Mag.,  Vol.  VII.,  p.  437'. 

,  Flow  of,  through  Pipes  at  Different  Temperatures.    By  J.  G.  Mair.     It  is  found 

that  the  friciional  resistance  of  the  pipe  is  25  per  cent,  less  at  160°  than  at  57°  F. 
Proc.  Jixst.  Civ.  Engrs.,  Vol.  LXXXIV.,  p.  424. 

Mains  Laid  Across  a  River.  Method  used  by  VV.  R.  Coats  for  laying  a  16-in.  cast- 


iron  main  across  a  river  at  Grand  Rapids,  Mich.   Trans.  Mich.  Eng.  Aoc,  1887,  p.  8r». 

—  Mains,  Leaks  in  and  their  Detection.    Methods  used  by  four  London  companies. 
P)-oc.  Inst.  Civ.  Engrs.,  Vol.  X  J.,  p.  414.    Eng.  News,  Oct.  22,  1S87. 

—  Mains,  River  Crossings  for.    By  W.R.  Coats.    Gives  description  of  the  method 


adopted  for  laying  a  16-inch  water  main  across  Grand  River  at  Grand  Rapids,  Mich. 
Proc.  Mich.  Eng.  Soc.  for  1886-7,  p.  85. 

—  "M-eter  for  L-rigat ion.  Bj- A.  D.  Foote.  Gives  description  of  a  cheap  and  satis- 
tactory  water  meter  for  measuring  miners'  inches  in  irrigation  works.  Trans.  Am. 
Soc.  ofC.  £.,  Vol.  XVI  ,  p.  134. 

—  and  its  Uses.  By  C.  H.  C.  Gives  results  of  the  use  of  the  meter  in  different 
cities,  and  advocates  their  general  use.     Van  Nos.  Eng.  Mag.,  Vol.  VII ,  p.  417. 

—  M'Hers.  A  history  of  their  development  as  a  mechanical  device,  with  discus- 
sion of  the  essential  features  of  a  successful  meter.  By  J.  A.  Tilde o,  Jbwr.  Assoc- 
Eng.  Socs.,  Vol.  VI.,  p.  17. 

—  For  Irrigation.  A  very  simple  and  effective  appliance  for  measuring  miners 
inches.  Illustrated.  No  patent.  Designed  by  A.  D.  Foote.  Trans.  Am.  Soc.  Civ. 
Engrs.,  also  San.  Engr.,  Nov.  13,  1886,  and  Eng.  A>t«s.,Nov.  13, 1886. 

—  Meters.     By  T.   E.   Bodkin,  before  Soc.   of  Arts.     Van  Nos.  Eng.  Mag.,  Vol. 


VI.,  p.  342. 

Measurements.  Account  of  recent,  in  Holland.    These  measurements  show  the 

inaccuracy  of  loaded  tubes  in  ordmary  rivers,  the  results  they  give  being  always  too 
large,  sometimes  by  16  per  cent.  Various  other  interesting  results  regarding  ac- 
curacy of  methods  of  gauging.  Wochenschrift  d.  Ocstcr.  Ing.-  u.  Arch.-Vereins 
1886,  pp.  233-239,  243-247. 

Pipes.    Abstract  from  a  paper  before  the  Philadelphia  Engineers'  Club.    Treats 

of  the  different  kinds  of  pipes,  their  qualities  and  availabilities.  Sci.  Am.  Suppl ., 
Feb.  12,  1887. 

Pipe.    Drawing  of  the  standard  Philadelphia  water-pipe,  with  table  giving  dimen- 

sions  of  the  parts  for  various  sizes.    Eng.  Neics,  Feb.  5,  1887. 

Power  of  the  United  States,  being  Vol.  XVI.  of  the  U.  S  Census  for  1880.   870 

pp.  quarto.  Valuable  to  hydraulic  engineers,  in  that  it  gives  details  of  many  of  the 
present  water-power  plants.  H.  Rep.  Misc.  Doc,  42,  Pt.  16,  47^^  Cong.,  2d  Stss,, 
1885. 

Power  of  the  Falls  of  the  Ohio  River.    By  M.  S.  Belnap.    Gives  four  projects  for 

utilizing  the  power  at  the  Louisville  Falls  and  estimates  the  cost  of  the  power  ob- 
tained.    Trans.  Am.  Soc.  C.  E.,  Vol.  II.,  p.  261. 

,  On   th':  Purification  of,hy  Agitation  with  Iron  and  Sand  Filtration.    By  W. 

Anderson.  Gives  account  of  Prof.  Bischof's  system  applied  to  purifying  the  water 
supply  of  Antwerp,  Belgium.  Analytical  results  of  examinations  of  water  before 
and  after  filtration.  Sci.  Am.  Suppl.,  Feb,  12,  1887.  Jour.  Soc.  Arts.  Nov.  26, 
1886.    Abstracted  in  Eng.  Neios,  Jan.  1 1,  1887, 

For  continuation  of  above  process  see  Froc.  Inst.  C.  E.,  Vol.  LXXIL,  p.  24,  Vol. 
LXXXL,  p.  279  and  p.  287.  Jour.  Royal  Agricultural  Soc  ,  Vol.  XX.,  part  II.  (1884), 
p.  381.    Also  see  "  Rapport  sur  la  qualit6  de  I'eaa  de  la  ville  d'anvers  pendant  1' 
de  1885.' 
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"Water,  Purification  of ,  by  Filtration.  By  Th.  S.  Craue.  Describes  various  types  of 
filters  and  materialo.     Trans.  Am.  Sac.  Mecfi.  Engrs.,  Vol.  VII.,  p.  617. 

,  Its  Biological  and  Chemical  Basis.    By  Percy  F.  Frankland.      A  general  review 

of  the  several  processes  in  use  in  Eogland  and  the  results  that  may  bs  expected 
from  taem.    From  Inst,  of  Civ.  Engrs.,  m  Van  Nos.  Eng.  Mag..,  October  1886. 

Proof  Coverings.    By  F.  Collingwood.      Tests  of  coal  tar  and  felt;    soapstone, 

petroleum  and  resin;  Trinidad  bitumen;  asphakic  mastics;  Trinidad  bitumen  with 
alternate  layers  of  felt  or  paper:  Trinidad  oitumeu  rrfined  and  mixed  with  residuum 
oil.     Trans.  Am.  Soc.  Civ.  Engrs.,  Vol.  IX.,  pp.  348-352. 

Service  at  Paris.    A  short  description  of  the  water  distribution  of  Paris.      Also 

showing  the  Chameray  intermittent- cock  and  a  leakage  gauge.  Eng.  News,  April  9, 
1887. 

Supply.    By  Kenneth  Allen.    Treats  the  subject  with  especial  reference   to   work 

preliminary  to  the  introduction  of  a  water  supply.  Renns.  Soc.  of  Engrs.,  Vol.  I., 
p.  111. 

Supply  of  Cities,  Purification  of  the.     By  A.  R.  Leeds.     A  lecture  before  the 

Franklin  Institute.  A  good  review,  with  special  reference  to  the  process  of  purifica- 
tion by  air.    Sci.  Am.  Suppl.,  March  o,  1887. 

Supply,  rhe  Drainage  and.  of  Chicago.     By  Rudolph  Hering.      A  statement    of 

the  oroblem  and  some  of  the  observed  facts  bearing  on  it.  Proc.  Eng.  Club,  Phil., 
Vol.  II  ,  p.  102. 

for  the  Railroad  Carlstadt-Fiume.    By  J.    R.  V.   Finetti.    This  road  traverses  a 

very  dry  region,  and  the  obtaining  of  a  supply  of  water  was  a  not  unmteresting 
problem.    Zeitschr.  d    Oester.  Ing.-u.  Arch.-Vereins,  1886,  pp.  99-106. 

Supplies,   The  Waste  of,  in  Town.    Abstract  from  the  repoit  of  Mr.  A.  R.  Binnie 

to  the  Bradford  Corporation  upon  the  amount  of  water  saved  during  thirteen 
months  of  inspection.  Oost  of  inspection,  iucludi  ig  cost  of  all  necessary  appa- 
ratus, less  than  one-third  of  value  of  water  saved.  R.  R.  and  Eng.  journal,  Febru- 
ary, 1887. 

Supply,  Liverpool.  A  series  of  illustrated  articles  giving  details  of  the  construc- 
tion of  Vyenwry  Lake  and  masonry  dam  and  the  Liverpool  water  supply.  Engi- 
neer. Jan.  24,  1887. 

Supply  from  Streams.    The  flow  of  the  Sudbury  River,  Mass.,  for  the  years  1875- 

1879.  By  Alphouse  Fteley.  With  discussion.  Illustrated.  Treats  of  rainfall  and 
flow  of  streams.     Trans.  Am.  Soc.  Civ.  Engrs.,  Vol.  X.,  188i,  pp.  225-250. 

Supply  in  Cape  Colony.  Gives  results  of  11  years'  experience  in  tDwn  and  irriga- 
tion works.    Proc.  Inst.  Civ.  Engrs.,  Vol.  XC..  pp.  255-290. 

Supply.  A  High  Service  Motor.  By  F.  H.  t^arker,  before  the  Sixth  Annual  Con- 
vention of  the  New  England  Water-Works  Association.  Gives  a  description  of  a 
hydraulic  motor  at  Bvirlington,  Vt.  The  motor  is  wo'-ked  by  the  flow  of  water  in  the 
main  of  the  low  service  works.     Eng.  News,  Oct.  1,  1887; 

Supply.  Report  on  the  Capacity  of  ihe  Sudbury  River  and  Lake  Cochiiuate  Water- 
sheds in  Time  of  D^-onght .  By  Desmond  FitzGerald.  A  very  good  example  of  what 
such  an  investigation  should  be.  A  pamphlet  of  61  pp.  Apply  to  the  author,  City 
Engr.  Dept.,  Boston. 

S^lpply,  SuhStir  ace.    By  Prof.   W.  P.  Trowbridge.     Treats   of  obtaining  water 

supply  trom  driven  wells.  Gives  details  of  the  ext^-nsion  of  the  plant  for  the  Brooklyn 
supply,  ttc.  School  of  Mi7ies  Quarterly,  April,  18S7  ;  Engr.  News,  May  21,1887; 
San.  Engr.,  May  28. 

from  Wells.  Abstracts  from  four  papers  before  the  Institution  of  Civil  Engi- 
neers, giving  results  obtained  from  wells  in  various  parts  of  England.  Engineering, 
Aprd  22  and  Engineer  May  20,  1887. 

Supply,  Drainage  and  Sewerage  of  the  Lawrenceville  School.    By  F.  S.  Odell. 

Gives  the  details  of  the  system  of  water  supply,  drainage  and  sewage  put  in  at  a 
School  in  Lawrenceville,  N.  .1.     Trans.  Am.  Soc.  of  C.  E.,  Vol.  XVI..  p.  66. 

,  Driven  Wells  as  a  Source  of.  By  Albert  F.  Noyes.  A  paper  road  before  the  Amer- 
ican Water- Works  Association  on  the  driven  well  system  as  a  source  of  or  a  means 
of  obtaining  a  water  supply.    San.  Engr.,  Aug.  6,  1887. 


INDEX  DEPARTMENT.  513 

"Water  Supyly  of  London.  A  short  history  of  the  wurks.  with  table  of  general  statistics 
of  lUe  various  establisbmt- nts  for  1867.     Van  Nos.  Eng-  Mag..,  Vol.  II.,  p.  80. 

.  SpecificaiioDS  for  cast  irou  pipe  for  Peshawar  City  wat^r  supply.  Indian  En- 
gineering, July  9,  1887. 

Supply  from  Ground  about  London.  Several  papers  atid  di'^cussions,  illus- 
trated. }j;iviu»  metljods  and  results  iu  obtainiHii  such  a  supply— the  whole  covering 
about  100  pp.  The  water  obtained  from  challc  formations.  Froc.  Inst.  Civ.  Engrs., 
Vol.  XC,  p.  1. 

o/  Aliegheny.    Paper  by  T.  P.  Roberts,  with  discussion,  read  before  and  published 

by  the  Engineers'  Society  of  Western  Penn.,  Pittsburgh. 
of  Philadelphia.    Abstract  of  Mr.  Hering's  receiit  report  in  San.  Engr.,  Nov.  27, 

ISSfci. 
of  Constantinople.    By  Henry  A.  Homes.    Gives  a  description  of  the  ancient 

works  as  well  as  of  tiiose  now  in  use.     Van  Nos  Eng.  Mag.,  V^.l.  IX.,  p.  407. 
Supply  of  Sandusky.  O.    Described  in  a  paper  by  0.  A.  Judson.    Proc.  Ohio  Soc. 

Surveyers  and  Civil  Engrs.,  1887. 

Tower,  Franklin,  Mass.    Illustrated  description  of  the  water  tower  that  failed  on 

Oct.  27.  1887.    San.  Eng.,  Nov.  5,  1887. 

Tower,  Bursting  of,  at  Gravesend.  L.  I.  A  very  satisf  ictory  account  of  this  ac- 
cident, with  m<iny  cuts  showing  mduuer  of  erection  and  conditions  of  the  wreck. 
San,  Engr.,  Oct  2:i,  1886. 

Toiver,  Failure  of  at  Kankakee,  III.  Causes  given,  computation  made,  and  pho- 
tographic cut.    San.  Engr  ,   Oct.  30,  1886,  and  Jan.  1,  1887. 

,  Collapse  of ,  at  Victoria,  Ttxas.    Top  bulged  inwards  by  wind.     Cut  given.  San. 


Engr.,  Nov.  27,  1886. 

,  at  Weehaivken,  N.  J.    Elevations,  sections,  plan  and  perspi^ctive  view.     At  once 

a  residence,  tank,  support  arid  ornament  to  the  landscape.  Well  worthy  of  imita- 
tion.    Engr.  Neics.  Nov.  6.  1886. 

"Water-Waste  and  its  De'ection.  By  W  Kiimmel.  Result  of  experiments  in  A.]tona, 
Germany,  with  an  ac  >ustic  apparatus  which  Is  said  to  be  very  delicate  Journal  fur 
Gasbel.  u.  Wasserversorg.,  1886,  pp.  68.5-«':92.  Ihe  apparatus  used,  so-called  "  Hy- 
drophon,"  is  described  on  pp.  865-6,  926-8  of  the  same  journal. 

"Water  Works.  Notes  on  the  P.mping  Engines  at  the  Lincoln.  By  Henrv  Teague, 
before  the  Insr.  of  Mee'n.  Engrs.  (iives  pa  ticulars  respecting  various  mechanical 
details,  with  reasons  for  their  adaption  and  experience  of  their  practical  working. 
Engineering,  March  4,  1«87. 

,  Putnam.  Conn.     Brief  description  of  the  system,  capacity  1,000  000  galls,  in  24 

hours,  L'l/^  miles  of  10-iuch  pipe  leading  to  a  wroughtiron  stand-pipe.  San.  Eng., 
April  9.  1887. 

of  bouthington.  Conn.    By  Theo.  H.  McKenzie.     Description  of  the  works  con- 


strue ed  bv  a  private  coip  iration,  consisting  of  a  dam  520  ft.  long,  L6  ft.  wide,  and 
30  ft.  high,  of  earth,  with  masonry  and  puddle  heart,  forming  storage  reservoir  ot 
23  acres  of  60,000,000  sails,  capacity:  distributing  reservior.  with  masonry  dam  170 
ft.  long,  20  ft.  high,  and  5  ft.  wide  at  top;  11 J^  miles  of  pipe.  Illustrated  with  detailed 
drawings.  Trans.  Am.  Soc.  C.  E.,  December,  1886. 
,Greot  Egyptian.  A  uescrlption  of  the  Katatbeh  water-works;  the  original  in- 
stallation of  ten  Archimedes'  screws,  their  failure  aud  the  pres'inc  centrifugal  ap- 
paratus.    Sc.  Am.  Supple  ,  April  30,  3  887. 

,  at  Bridgeport,  Conn.  A  description  of  the  water- works  being  bui.t  at  Bridge- 
port by  a  new  water  <;cmpauy.  Diawings.  showing  section  of  dam,  plan  of  gate 
chamber  and  profile  of  tunuel.    Eng   iV^t^fo.s,  April  9,  J887. 

.     Early  American  Pumping  and  Distributing  Plant.     An  illustratel  description 

of  the  plant  erected  in  Philadelphia  in  1803.    Eng.  News,  April  16,  1887. 

.     An  abstract  from  a  paper  by  Mr.  vv.k.  Coates,  describing  the  method  employed 

to  carry  the  water  mains  for  Grand  Rapids  water  supply  across  Grand  River,    Sow. 
Eng..  Oune  18,  1887. 

.    Description  of  work  of  the  East  0-ange  and  Bloomfield  Water  Company,  with 

details  of  the  building  over  one  of  the  wells.    San.  Eng.,  June  25, 1887. 
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Water-Works,    (iives  description  of  the  water- iv'orks  of  Ware,  Mass.,  with  plans  and 

details  of  cost.     Sati.  Eng.,  July  16,  1887. 
,  Calais,  Me.  Gives  short  description,  with  drawings,  of  the  water- works  at  Calais, 

Me.,  costing  $78,000.    San.  Engr.,  Oct.  8,  1887. 
Construction,  Some  Details  of.    By  William  R.  Billings.    A  series  of  articles  on 

the  practical  details  of  constructing  a  water-works  plant.     San.  Engr..  Sept.  24, 

1887. 
of  Charlottesville,  Va .    Description  of  the  above  works,  with  section  tiirough 

gate-house  and  dam.    San.  Eng.,  May  21, 1887. 
— ,  Constantinople.    By  Fred.  Brififiult.    Gives  brief  description  of  the   old  works 

and  describes  the  works  erected  in  188;j   by  a  private  corporation.    Proc.  Inftt.  of 

C.  E.,  Vcl.  LXXXVII.,  p.  331. 
,  Croion.  By  B.  S.  Church.  Gives  notes  and  suggestions  on  the  Croton  water-works 

and  supply  for  the  future,  with  discussion.      Trails.  Am.  Soc.  C.  E„  Vol.  V.,  p.  107. 

of  Naples.      A  two-page  abstract.     Collecting  galleries  2,000  feet  in  length, 

masonry  conduit  37  miies  long,  three  iron  pipes  under  pressure  for  14  miles,  and 
reservoirs  at  ditTerent  levels  are  some  of  the  distinguishing  features.  Proc.  Inst. 
Civ.  Engrs.,  Vol.  LXXXIV.,  p.  468. 

-    of  Pres.^burg  (Austria).    City  has  a  population  of  48,000;  water  obtained  from  a 

well  8  feet  4  inches  in  diameter  on  the  bank  of  tbe  Danube.  Pumped  out  of  a  cov- 
ered reservoir.     Wochenschr.  d.  Oester.  Ing.-  u.  Arch  ■  Vereins,  1886,  pp.  219-222. 

,  Kansas  City.  By  G.  W.  Pearson.  A  series  of  papers  describing  the  construc- 
tion of  new  works  at  Kansas  City.    Eng.  News,  Nov.  5,  et  seq.,  1887. 

,  Prague.    Description  of  the  Prague  water-works  machinery  with  two-page  plate 

and  cuts  showmg  details.    Engineering,  Sept.  9,  et  seq..  1887. 

,  Edinburgh.    Gives  description  of  the  Moorfoot  works  of  the  Edinburgh  system, 

with  cuts  showing  section  of  the  embankments.    Engineering,  Ju'y  29,  1887. 


,  Jersey.    A  description  of  the  works  on  the  Isle  of  Jersey  for  the  supply  of  the 

towns  of  St.  Heliers  and  St.  Aubins,  with  28  figures  showing  general  plans  of  the 
works,  various  sections  of  the  filter  beds,  pure  water  tank  and  higji  service  reser- 
voir.   Engineering,  July  8  and  22,  1887. 

Waves,  Memoir  on  the  Experimental  Sivdy  of.  By  M.  L.  E.  Bertin.  Van.  Xos.  Eng. 
ilfagr.,  Vol.  Vm.,  p.  491. 

,  Ship.  By  Sir  Wm.  Thomson.  An  important  lecture  delivered  before  the  Insti- 
tution of  Mechanical  Engineers,  at  Edinburgh.  Treats  of  the  forms  ana  motions  of 
waves  produced  by  ships.    Sci.  Am.  Sup.,  Oct.  15,  1887. 

,  Transporting  Power  of .    A  good  summary  of  facts  is  given  in  an  editorial  In 


Engineering,  July  lo,  1887.    Sci.  Am.  6up.,  Sept.  10,  1883. 

Weather  Service.   Two  papers  on,  describing  the  U.  S.  Signal  Service,  and  another  on 

Forecasting  Weather.    Proc.  Ohio  Soc.  Survs.  <&  Engrs.,  1887. 

Weights  of  Bridges.'  Comparative  weights  of  different  designs  and  for  different 
loads.    Both  English  and  American  praciice  discussed.    R.  R.  Gaz.,  Dec.  3,  1886. 

Welding-,  Electrical.  By  Elihu  Thomson.  A  full  account  of  the  art  of  electrical  weld- 
ing; with  full  description  of  the  apparatus.    Sci.  Am.  Sup.,  May  7, 18S7. 

Wells,  Artesian,  in  Toicn.  Cites  a  number  of  wells  in  Ir  A^a,  and  then  gives  Professor 
Laverett's  discussion  of  the  requisite  condilions  for  a  true  artesian  w*^ll.  San  Engr. 
Oct.  1,  1887. 

Wells,  Capping  Flowing.  Gives  a  simple  and  effective  way  of  shutting  off  flowing 
wells.    Sci.  Am.  Suppl.,  Oct.  22,    887. 

Westinghouse  System  of  Electric  Lighting  by  Alternating  Currents  and  Con 
verters.  By  F.  L.  t'ope.  An  excellent  description  of  the  system  and  apparatus. 
Fully  illustrated.  Undoubtedly  one  of  the  best  systems  in  use  for  central  station 
lighting.     The  Electrician  and  Electrical  Engineer,  September,  1887. 

Wicklovr  Harbor.     See  Harbor. 
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Wind  Pressure  on  Bridges.  By  C.  Sbaler  Smith,  with  discussion.  This  paper  and 
discussion  is  the  standard  authority  on  this  subject  in  America.  Trans.  Am.  Soc. 
Civ.  Engrs.,  Vol.  X.  (1881),  p.  139.  Also  paper  by  F.  Colhnj;wood,  p.  172.  Also 
paper  by  Ashbel  Welch,  with  discussion,  in  Vol.  IX.,  p.  391-400. 

,  Velocity  and  Pressure  of.    A  table  showing  the  average  monthly  movement  of, 

in  miles  per  hour  at  a  number  of  cities;  also  a  table  showing  the  relation  between 
velocity  and  pressure.    Building,  April  2,  1887. 

Winding-  Engines.  A  description  of  the  new  winding  engines  and  drum  recently 
started  at  the  Lady  Windsor  Colliery  in  Wales,  with  dimensions  and  details  of  con- 
struction.   Illustrated.    Sci.  Atn.  Supid.,  April  16, 1887. 

Wire  Ropes.  Gives  description  of  the  process  of  manufacturing,  from  drawing  the 
wire  to  twisting  the  rope.    Sci.  Am.  Sup.,  July  2,  1887. 

.  Treats  of  the  use  of  wires  of  special  sections  producing  cables  of  true  cylindri- 
cal form.    Sci.  .4m.  iSup.,  June  11,  1887. 

Haulage  and  its  Application  to  Mining.    By  F.  C.  Roberts.    A  45 -page  paper, 

fully  illustrated.  Treating  of  hoists,  inclined  planes,  engine,  gravity,  and  aerial 
haulage,  tail-rope,  cuunter-rope,  and  endless-rope  systems.  Trans.  Am.  Inst.  Min» 
Engrs  ,  Duluth  meeting.  1887. 

Way  between  Vajda-Hunyad  and  Vadudohri.    By  Messrs.  Bocbart  and  Lebeif- 


ton.  Abs'racted  from  a  paper  read  before  the  Inst,  of  C.  E.  Gives  details  of  a  wire 
rope-way  about  19  miles  long  used  to  transport  ironstone  and  charcoal.  Eng.  News., 
Jan.  1,18S7. 

in  Transyiva)iia.    From  the  French.    The  line  is  about  20  miles  long  and  carries 

iron  ore  and  charcoal  in  tubs,  each  tub  carrying  about  600  lbs.  Lately  put  in  opera- 
lion.  Grades  heavy.  Cost  about  30  cents  per  ton-mile.  Froc.  Inst.  Civ.  Engrs.  y  Vol. 
LXXXVI.,  p.  415. 

Wires,  Electric.  Flad's  Overhead  System  for  Cities.  Proposed  method  of  electric 
distribution  by  overhead  wires  supported  on  high  towers.  By  Col.  Henry  Flad,  of  St. 
Louis.    The  Electrician  and  Electrical  Engineer,  July,  1887. 

■ Gauge.    Report  of  tfie  Committee  of  the  National  Electric  Light  Association  &t 

Philadelphia  meeting,  February,  1887.  Containing  probably  the  best  recommenda- 
tions as  to  a  standard  gauge  that  have  yet  been  made.  Electrical  World,  Feb.  28, 
1887;  also  in  The  Electrcian  and  Electrical  Engineer  for  March. 

Wood,  Preservation  of.  Gives  details  of  experiments  made  to  find  the  value  of  tar  as 
a  preservative.     Van  Nos.  Eng.  Mag.,  Vol.  VIII.,  p.  505. 

.  fluctuations  of  Moisture  in  Wood  during  Seasoning.    Details  of  experiments 

made  to  observe  the  variation  in  moisture  in  different  kinds  of  wood,  and  learn 
tne  months  during  which  the  greatest  amount  of  seasoning  takes  place.  Eng.  iVetfs, 
April  2  and  16. 

,  Preservation  of,  from  Decay.  By  Herman  Haupt.  Gives  results  of  his  investiga- 
tion into  a  number  of  processes.     Van  Nos.  Eng.  Mag.,  Vol.  VI.,  p.  181. 

of  Nicaragua,    jiu  Investigation  of  the  Strength  and  other  properties  of  some  of 

the  Nicaragua  woods  used  in  engineering  construction  and  in  the  arts,  conducted  at 
Cornell  University.  By  Rufus  Fhnt.  Thirty-three  kinds  examined.  A  valuable  study. 
Sch.  of  Mines  Quar.,  Oct.,  1887,  p.  633. 

Pulp,  and  some  of  its  Peculiarities.    By  M.  L.  Deering,  Cleveland.     Describes 


methods  used  in  his  own  factory  and  the  difficulty  to  be  overcome.    With  discus- 
sion.   Jour.  Assoc.  Eng.  Soc,  Vol.  V..  p.  444. 
Work,  Harbor.    Colombo,  Ctylon.    Inst.  C.  E.,  Vol.  LXXXVII.,  p.  76. 

Wrought  Iron.  By  J.  Starkie  Gardner.  A  lecture  before  the  section  of  Applied  Art 
of  the  (Society  of  Arts,  treating  of  the  use  of  wrought  iron  in  ornamentation.  Jour, 
Soc.  of  Arts,  Feb.  25,  1887. 
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